"A sem canductor integrated circuit”. The present invention relates to a
sem ¢onductor integrated circuit in which nenmory cells are integrated on a-
| arge.scale. A well-known type of sem conductor integrated circuit in‘5 "
whi.ch nmenory cells are Vntegrated on a large scale (herelnbeIOM/ternsq:%nei
"sem conductor nenory") is the so-called RAM The RAM (randon1acces
menory) is a device capable of storing irf@r— mation tenporarily ang
reading it out when required. This type of nmenory is also called a
"read/ wite nenory". 10"A semidppdaaltby, iatR4kaited cdesuitiiory cel
store infor- mation, an address circuit which externally selects a
specified nenory cell, and a timng circuit which controls the rea |ng an
writing of information. In a RAM a plurality of menory cells are a
in the 15 shape of a matrix. The operation of seiecting a desired nenory
cell fromanmong the plurality of nmenmory cells is perforned by selecting an
intersection point ianbhgrBBEREX intBAtAGHETS1EHER D heeRiigohdmtdmnt
|rre§ﬁpct|ve of the position (addresses) of the selected nmenory cells
Wi thif the matrixtegPated cRAMaidr @ nbwhddhy meheasi idedd s pire tistexnratsd
bi pol ar RAMs and RAMs. The bi polar RAM has the followng nerits: (1) As
conpared with tés MODRAYe stadperates faster. -2- (2) The operation of
the nenory cell is of the static type,

A well-known type of semiconductor integrated circuit in

(¥

5 which memory cells are integrated on a large scale (hereinbelow
> termed the “semiconductor memofy")‘ is the so-called "R_AM. The .
RAM (réndom access memory) is a device capable of storing infor-
mation temporarily and reading it out when required. This type
- of memory is also called a "read/write memory". '

10 Typically, a RAM includes memory cells which store infor-
mation, ah address circuit ‘which externally selects a specified
memory cell, and a timing circuit which controls the readin'g and

| writing of information.
Ina RAM, a plurality of memory cells are arranged in the '
\/ 15 ghape of a meirix. The operaticn of selecting & desired memory
| cell from a.mbng the plurality of memory cells is performed by
selectmg an intersection point in the mairix. The access time is
therefore constant irrespective of the position (addresses) of the
selected memory cells within the matrix. | |

20 : RAMs are broadly classiﬁed into two sorts; b1po;ar RAMs

and MOSRAMs.
| The bipolar RAM has the following merits:
(1) As compared with the MOSRAM, it operates faster.



- of TTL interface

and the controls of timngs, etc. are S|rrple On the other hand, the
bi pdl ar RAM has’ the foll owi ng denerits: 5. (3) As conpared with the

g process and is nore difficult to attain a hi
( on/. 10 Bi pol ar RAMB are,presently generally
N \o- yes of the TTL type and the ECL type, depending
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a\tt/\%ergﬁ ‘he access
range of 4 - 35

nmenory systens
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bi polar RAM. the MOSRAM is sinpler in structure and in the*manufacturing
process. Xendritss al so. nore advantageous in terns of power. consunption,
storage density and price. Therefore, it is used in fields which do not , :
requireshi gh spdéd obercompered WDBRING MOBRAMsHi ékbibitsneohigiRerdynani ¢ tYpe

and the static type. 25 . The dynam c type MOSRAM has i

ts rrermry cel |
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_ (4) As compared with the MOSRAM it requires a

more

- complicated manufacturing process and is more difficult to attain

a high density of integration..

10 . Bipolar RAM_s' are presently generally classified into the

two types of the TTL type and the ECL type, depending

upon

' differences in input/output levels. The access time (reading . ' u

time) of the _b_i__po_lar RAM of TTL interface falls within a range of

30 - 60 (nsec.), while the access time of the bipolar RAM of ECL

| 15interface falls within a range of 4 - 35 (nsec.).

Accordingly, bipolar RAMs are applied to various memofy_

. systems where high speed operations are required.

Meanwhile, when compared with the bipolar RAM, the

MOSRAM is simpler in structure and in the manufacturing

process.

ZOIt is a.so mere advantageous in terms of power cons..unpnon,

storage density and price Therefore, it is used in fields. which

do not require high speed operanons. _
MOSRAMs are classified into the dynamic type and
static type.

the

25 ‘The dynamic type MOSRAM has its memory cell cpmpesed

of ‘a comparatively small number of transistors, namely, 1

-3



transistors per bit (1 - 3 transistors/bit). Wth an identical chi area,
therefore, the bit density becones higher than that of the static type
MOSRAM t o be described later. In the dynamic MOSRAM information i's stofk
as charges in 5 a capaci-tance within the nenory cell. Since the chargeg
stored in the capacitance are discharged dug to a | eakage current, etgd.,
the information of the nenory cell needs to"be read out within a predg-
termned period of time and to be rewitten again (i.e., refreshed).
ot her hand, in {ragssstors dYCBRAKL -2 3 transidtops Mitcui WittDwhi fdentical wia)
conposed of 6 elenents is used as the nenory cell. For this reason, the
refresh which iaresgqtherefore) thee bdy rdemsityVbDSBAves higber thanstmtyof The
access time of the dynamic MOSRAM falls within a range of 100 - 300
(nsec.), whil e stagicatyps MRSRAMotto thee desaribedMa®RAM 15 fall's within a range
of 30 - 200 (nsec.). Thus, it can be.seen that the access tine of the
MOSRAM i s a | arger vainugheréynamiepMPSRAN : Hnformatism is steresbpsrchrexges in
Meanyhil e, owing to inprovenents in photolithographic technol ogy, reduction
in the el ement® YiGAPASitaRce Jyithinsthe Mepery celloa Sinfe dhRacRanges; fixgHalred

circuit has bee ronpted. In | EEE Journal, of Soljd-State C rcui Vo) . N
SC 17 N5, phe semaCitanee are AISCRATRAL QURCTO SolBKagE S TRRL, G wi ARSI a

. SAGH T seted f _ ; : hed a

ondesi gn ral e maviep ' e Rarey Ean Rt B, BECRE G R RARES”)

23 m%fl gge(r)?t hggtegﬁf?éd GRS AReCind 4R b8WewtitleRt SJARM DY, PPYRFestD).
o On the other hand, in the static MOSRAM, & flip-flop circuit

10which is usually composed of 6 elements is used as the memory cell.
For this reason, the refresh which is required in the dyhamic
MOSRAM is not necessary. - |
Thé access time of the dynamic MOSRAM falls within a range
of 100 -~ 300 (nsec.), while the access time of the static MOSRAM
15falls within a range of 30 - 200 (nsec.). Thus, it can be seen that
the access time of the MOSRAM is a larger value when compared with
that of the bipolar RAM. |
' Meanwhile, owing 1o improvements in photolithographic
technology, reduction in the element dimensions of MISFETs within
. 202 semiconductor integrate'd circuit has been promoted. In IEEE
Journal of Solid-State Circuit, Vol. 8C-17, No. 5, pp. 793 ~ 797,
issued in October 1982, there is contained a static MOSRAM of -
64 kbits which émploy’s wafer processing fechniques based on design
rules of 2 (um) and which exhibits an access timé of 65 (nsec.), an
250perating power consumption of 200 {mW) ahd a stand-by p’c;wer con-

sumption of 10 (pW).



-4- "Meanwhi | e, as an exanpl e of the bipolar RAM of the ECL - type, an ECL -
.type bipol'ar RAM of 4 kbits which exhibits an access time of 15 (nsec.) and
wetwgonsunption of 800 (MY is nmanufactured and sold by Hitachi, Ltd.

he r oduct nane " HHML00474-15". '5 As expl ai ned above, there

; Yefinite technical trend to enlarge the storage capacity of

meict pr nenories which has talkem pd ace in the increnents of 1 kbit, 4

16 Kbits, 64 kbits, 256 kbits, 1 Mit,........ quite independently of

res of Mehﬁwhﬁ]polas aBAMcmfxpla gh thpehtbohxd RAMofpthe EGortypept i on

ne-10 features of the MOSRAM of | ow speed and | ow power consunpti on.

At the prascECLttyme bipelart RAMofiet kbdrss wiych exhibitshan socess dimel wft or

menory -and the present-day photolithographic techniques determning the

el emrent dilbeinsecnt and 1§ powsr consydpien oI HW (mWenis ma@uémreérmd on, the

storage capacity_ of the _bipolar RAMw Il be 15 Timted to 16 kbi t
Meanwhi | esolgl by Hitacki zlftéen\éﬂ@e’bfthﬁh%r%qttﬁta@%m% 38140474115 e -
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t he signa of ‘the 25 addréssS circui or less.
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~the signal line
10features of the MOSRAM of low speed and low power consumption. _

At the present tix_ne,_when the power consumption of the semi- _

conductor memory and the present-day photolithographic techniques \J
. de_te_rminin_g the element dimensions. of bipolar transistors are taken

into consideratien. the storage capacity of the bipb_lar ‘RAM will be
15 limited to 16 kbits.

Meanwhile, -ﬁith the enlargement of the storage capacity of
the semiconductor memory (particularly, at and above 64 khits) . the
arez of a semiconductor chip increases, ansi the signal line of the
‘address circuit of the RAM is arranged over 2 long distance on the

| 20 semico_n_ductor chip of large area. When the length of the signal line
of the address circuit lengthens,- naturally the stray capacitance of
the signal line increases. and also the equivalent distributed resis-
- tance of the signal line increases. - When, for the purpose of
micre=iniaturization, the wiring width of the signal line of the -
'25.__ad_dress circuit is established as 2 (pum) or less by improving photo;-

lithography, the equivaie_nt distributed resistance of the 'signal line



-5- .incréases nore. In addition, since the fan-out of each circuit
enlarges with the increase of the storage capacity, a | oad capacitance
attributed to the gate capacitance of a MOSFET at the 5 succeedirig stge
beconmes high. “Accordingly, in the 64-kbit MOSRAM whi ch enpl oys the )
photal it hography of 2 (pm and whose address circuit is entirely
constructed of CMOSFETs, the access tinme of addresses will be |im
(nsec.). 10 W have devel oped & $em conduct or nenory i
an access tinme equivalent to that of an ECL type bipolar RAM and
consunption equivalent to that of a static MOSRAM 15

therefore an object of the present invention to provide a sem conductor
menory of high sp |.0 wer ;Gon 4 QnN. j 1t pr esent
i nvention there i g?‘%ﬁ’%\%%&esdmé’q%e‘m gg‘n%%m?ﬂt 53&%?% fl(:ll rcul
ncluding: = () of RaWhAldsiieull BHTARGR %n (dHe bl el rouit for
selecting a specified nenory cell from™anong said plurality of nenory
cellg; the storage capacity, a load capacitance attributed

to the gate capaciﬁance of a MOSFET at the

5 succeeding stage becomes high. Accbrdingly, in
tﬁe 64-kbit MOSRAM which employs the photolithography
of 2 (pm)'and whose address circuit is entirely
constructed of CMOSFETs, the acceés time of
addresses will be limited to 30 (nsec.).

10 ' We have. developed é semiconductor
memory which has an access time equivalent to
that of an ECL type bipolar RAM and a power
consumption equivalent to that of a static
MOSRAM.

15 - It is therefore an object of thé
present invention td provide a semiconductpr"

~ memory of high speed and low power consumption.

| According to the present invention
there is provided a semiconductor integrated

20 circuit including:



5 - (c) ~a signal circuit coupled to said nehDry'ceIIS and
~including neans for respectively reading and witing information from and
into sai‘d nmenory cells; and (d) a timng circuit .coupled to said 10 signal

.Circui ontrolling operations of reading and witing.infornmation;
wher g 0f the circuits, selected fromthe address circuit, the timng
cirdl he signal circuit, includes a principal 15 portion

- congtreapt ¢d of a CMOS circuit, and a bipolar transistor, which executes at

op€ of /the functions of charg® and di scharge of a signal output line

he Selegted circuit. -7- The address circuit may include a principal
ion~cohstructed of -a CMOS circuit, and at |east one bipol ar out put

~transistor, which execuips atplessliepeosf mbheriugetiians of charge 5 and

di scharge of a signal output line of at least one circuit in said address
circuit. The timing citlshitaneyddnessdeiacpitn€bpakepectiag aonstructed of
a CMOS circuit, and at | east one bipolar output transistor, 10 which
executes at spacifbed mémohe fehttfoom among said plurality N\
' of memory cells; | |
5 ' ':(c)l a signal circuit coupled to said
-memory celis aﬁd inc1uding means for réspectively
reading and writing'information-from and into
said memory ¢ells; and-l
_(d)_:a timing circuit coupled to said
10 signal circuit for controlling operations of
reading and writing information;
wherein oné of the circuits, selected
from the address circuit, the timing circuit,
and the $ignal cifcuit, includes a principal
15 portion constructed of a CMOS circuit, énd a
bipolar'transistor,.whiéh executes at least
one of the functions of charge and discharge ' -/

-of a signal output line of the selected

circuit.



of charge and di scharge of a signal output line of at |east one circuit in
said timng circuit. -8- The signal circuit may include a data output
buf fer for obtaining an information output signal, said data output buf
including a principal portion constructed of a CMOS circuit, 5 and 2
plurality of bipolar transistors, which execute at | east one of thg
functions of charge and di scharge of .gate capacitances of N-channg
P- channel output- M SFETs of said data output buffer. 10
signal circuit may include a data input anplifier which supplies
conplenmentary signals to a cormmon data line pair, said data input
including a principal portion constructed of a CMOS circuit and at least
one 15 bipolar transistor, which executes at | east one of .the functions of
charge and di scharge of sai qihéoaaaraedat 2ikce tPaal. inclulle Bhe present
invention will now be

principal portion constructed of a CMOS c1rcu1t,

~ and at least one bipolar output transistor, which

executes at least one of the functions of charge
5 and discharge of a signal output line of at 1eas£
one circuit in said address circuit.

L | : ' - The tihing circuit may include a
principal portion constructed of a CMOS circuit,
and at least one bipolar oﬁtput transistor,

10 which éxeCutés at least one of the functions
of charge and discharge of a signal output line
of at least one circuit in said timing

circuit.



descri bed in greater detail by way of exanple with reference to the
acconpanyi ng draw ngs, wherein:- 5 Figure 1 is .a block diagram -
showi ng; the-internal. arrangenent of a static RAM according to one - .
enbodt+ent of the present invention; Figure 2 is a block di agram show ng an
__ adress Jfer ADB and row decoders R-DCRO, 10 R-DCR2 in Figure 1 in-

. gr r \def §i | ; Frgure 3 is a block diagram show ng t he address buffer ADB,
a g ecloder 'G-DCR1, etc. inFi§ure 1 in greater detail; -10- Fig. 4
is\a tiyLuit/ di agram shoWi' ng a quasi-CM3S non- i nverting/ i nvert | ng circuit
for he present invention; Fig. 5is a circuit diagramshowi ng a

quasNNCMXZ" 3- i nput NNWDQn&kﬁnﬁlfQ#rQEﬁirmﬁYrRFQ#%%%n@ datantion; 5

Fig. 6 1s a circuit dragranrshomnng a pure CMOS 3-input NAND circuit for
.use in the ﬁr‘-‘éé’é‘ﬁt Quyhfet ifar IRYRIMARG an cinkexmatylelyr @WEBHEW ng a

guasi - CMOS 2 cuit for use t he ent invention; Fig. 8 is
acircuit dF&g 'sﬁ&ﬁqué ﬁnﬂ%?Rﬂﬁi?%#f%ﬁn&néipglng a NCR crrcurt for use -
in the present i nve tron anlsho a pure G\S

2-input NANB &rnrcdl?at tu‘soégﬁ?'ﬁter‘b(f % éf%v@ﬂ% ‘F‘rlr%'i‘ '10 is acircuit
d'agra”‘%hoghggaaﬁwﬁfglfaglgfrB“Héer transistors, which

execute at least one of the functlons of charge
and discharge of_gate capacitances of N-channel
" and P-channel output MiSFETs of said'data'output _: U
buffer._' o | | | | |
10 | The signal circuit may include a data
input_amplifier thch supplies complementary.
signals to a common data line pair, said data input
amplifier including a principal pcrtion.
constructed of a CMOS circuit aﬁd at least one
15 blpolar tran51stor, whlch executes at least one
of the functlons of charge and discharge of

‘'said common data line palr.



for use in the present invention; 15 Fig. 11 is a circuit
di agram show ng a sense anplifier selector circuit SASC and an internal
control signal generator circuit COMGE in Fig. 1 in greater detail; Eig.
12 is a circuit diagram’'showi ng a -sense anplifier SAl, a data outp

internediate anplifier DOA, a data output buffer 20 DOB, - et
Fig. 1 in greater detail; Fig. 13 is a circuit diagramshow ng a dat
buffer DIB, a data input internedi ate-agpkifier DIIA, etc. in Figl
greater detail; and Fig. 14 is a diagramof the signal waveforns o

various 25 parts of the static RAM of the enbodi nent shown i 7gS.

1to 13, in a read cycle anﬁﬂg.ﬁ%gﬁgngythEntloﬁ'911% ? the i nt er nal

arrangenent of a static RA as a storage capaci ®64 kbits and

the input/output 9 Eé?ib@& %ﬂ ggeé egxgggéggcbgrzh?gb? gkgmbqlts Vari ous

circuit blocks enc osed W t or e single 5

siliccon chip by sgnigopdpetehcknt8IEALedcEbmphlihgCARaIaYs,The static RAM
of the present enbodi nent includes four matriceS (nmenory arrays MARYL to

NFAQYﬁ) each havigeeBeshorage capacity of 16 kbits (= 16384 bits), thereby
to have a total storage capacity of 64 kbits (nore specifically 65536 bits)
10 The four nenory arrays Mrdgitetd MsARYbdobRvaiagtramgehewtisgsimlar to

each other, and each of them has nmenory cells arranged in 128 rows x 128
col umms. An addr esse cinternhal oarsahgemieny afdasstadlneRnMyacebkdlng
to one embodiment of the present invention:
N - o - Figure 2 is a block diagram showing _
an address buffer ADB and row decoders R-DCRO,
10 R-DCR2 in Figure 1 in greater detail; |
L ' Figure 3 is a block diagram showing
the address buffer ADB;, a column deCodef_C—DCRl,

etc. in Figure 1 in greater detail;



fromthe menory arrays each having the pl urallty of menory cells 15 is
cconstructed of an address buffer ADB, row decoders R-DCRO, R-DCRLl and
'R-DCR2, »eql unm decoders C-DCR1 to C-DCR4, columm switches CGSW to CSW,
: A h not especially restricted, a signal circuit .which handles the

( tting of information is constructed of 20 a data input buffer:
[npYit internediate anplifefgx1IA - DIIA4, a data output buffer -
0 tput inter- nediate anplifier DOA, and sense anplifiers SAl

Fon Faocif ik SR LR gl SHRREI-TMIS OIL G 00 ana

i reut é@*’hgﬁaeigﬁ' KeHE ?‘?’e?‘fsea?‘eéﬁ%%‘%?%’c’ﬁ??*’éﬁéaﬁl gnal generator
A decode out put f‘i? s"!"c%u'iﬁ ﬂbél%ﬂp%@m%%cmdﬁ%&—%hﬁsaﬂ%ﬁﬁié signal s

[err] is transmt romthe row decoder to any of _
T ow gt oup mdnee:rrcaeﬂ 64 iu@e Iri R fepedt linveatMhil - W 1128, W21 - W2128,
WR11 - WR1128 and WR21 - WR2128). Anong the address signals [err], thosg/
[grr] and [err] rage 6138 tirculp diagram Stoethd g pure CMOS B-iffduti X from
anong the four nmenmory matrices MARYL to M ARY4. The address buffer ADB

. recei ves tNENBddiresst $ognesesin [the rpresedt finvestiont er nal conpl enent ary
address signals [err] based on them The internal conplenentary address
signal [err] isFignpbded circust diagram showingranguasth@ides Ziigpat [err] .

which is inphase with the address signal [err] and an |nternal addr ess
‘signal [end¥ RvﬁGG‘éﬁpfﬂfs usgdin theRresend ipviewtion; :
| Fig. 8 is a circuit diagram showing a pure CMOS Z—input (>
10 'NOR circuit _for use in the present invention: |

Fig. 9 is a circuit diagram showing a pure CMOS 2-inpui
NAND circuit for use in the present invention; _ U
P;g. 10 is a cxrcuit diagram showing a quasi-CMOS inverter_ |
for use in the present invention:

15 : Fig. 11 is a circuit diagram showing a sense amplifier'
selector circuit SASC and an internal con‘l_:rol'.sig'nal generator
circuit COM-GE in Fig. 1 _in greater detail; |

Fic. 12 is a circuit diagram showing a sense amplifier SAl,
_ a data output intermediate'amp]iiier DOIA, a dats output buffer

20 DOB, etc. in Fig. 1 in gfeater detail;

Fig. 13 is a circuit diagram éhqwing a data'in;_:ut buffer
DIB, a data input intermediate amplifier DIIAl, etc. in Fig. 1 in.
greater detail; and- '

Fig. 14 is a diagram of the signal waveforms of the various

25 parts of the static _RAM bf the embodiment shéwn in Figs. 1 to 13, |

in a read cycle and a write cycle.



of the address signal [err] The remaining internal conplenentary address
signals.[err] . are simlarly conposed of internal address signals [err]
and internal address signals [err] 20 Anong the internal «
conpleenmentary address signals [err] formed by the address buffer ADB,
[err] and [err] are supplied to the colum decoders C-DCRL to C DCR
col um decoders C-DCR1 to C-DCR4 decode these internal conpl enentar,
address signals, and supply selection signals (decode output signa
obtai ned by the decoding, to the gate el etttddss of switching
I nsul ated-gate field effect transistors (hereinbelow terned "M SF
-13- [err] and [err] within the colum switches CGSW to G SW. Anong
word lines [err] [err] and [err] one appointed by the conmbi 5 nation
of the external address signals [err] is selected by the row decoders
R-DCR1 and R-DCR2 descri bed above. One conple- nentary data line pair
appoi.nted by t he conbi nation of the external address signals [err] and

[err] is selected froma Iu- rality of co nt ar line pairs
[ er 10 : [er ganﬂvs[q’gm Bs iptRY aﬁﬁﬂn%%‘ﬁng?i‘egg E%F&%V'g"’c DCR4 and -
the colum - -swi tc

W e i on | RS e R e Rl R SR B, Tk Ren BB Lo vor o
l'ne and the S%eef\%ti%gx %M %m&e@[lt/edl?n single bq{"r\ﬁiité nevgﬁbﬂs'érét?lltem ed..

" blocks enclosed with a broken line IC are formed in a single

5 . silicon chip by semiconductor integrated circuit technology
~ The static RAM of the present embodiment includes four .
matrices (memory arrays M-ARYI o M-ARY4) each having a
storage capacity of 16 kbits (= 16384 bits) . there’by to have a
"~ total storage eapacity of 64..'k_bits (more epecifically 65536 bits).
10 The four memory arra}fs M—ARYI to M-ARY' 4-h'ave arrangements
* similar te each other, and each of them .has memory cells arranged
.in 128 rows..x 128 coluxﬁns.
An'address circuit for selecﬁné a desired memory cell
from the reemory arravs eactt having the plurality_ qf metnory cells
/ 15 is constructed of an aﬁdreas' buffer ADB, fowl deceders R-DCRO,
~ R-DCR1 and R-DCR2, column decode zs C-DCRI to G-DCRA,
column switches C-SW1 to C-SW4, etc.
Although not especially restncted a sxgnal CiI'CIllt which
handles the readmg and wntmg of information is constructed of
20 a data input buffer DIB, data mput intermedizte amplifier _
D-IIAl - DIIAé, a data output buffer DOB, a data output irmter- |

mediate amplifier DOIA, and sense amplifiers SA1 - SAl6.



In the reading operation, switching M SFETs [err] [err] and [err] are
brought into "off" states by .a control signal which has been delivered from
"the internal control signal generator circuit COM GE though thi S is not
aIIy restric- 20 - tive. Thus, common data.lines [err]. and wite
Mhput internediate anplifiers DIIAL - DIIA4 are electrically :
edN\ The information of the sel ectedygenory cell is transmtted to t he
: dat g |ines through the selected conpl ementary data line pair. The
1 of the nenory cell transnitted to the common 25 dat a
gnsedAbyhoulad s Iaventibhfisenot asﬂeciangferes)tem&ddotheretmoagh t he
Mt internediate anplifier DOA as well as the data output buffer
{'mintihg piressnforecbntiioliimg , thei epexaticrenst raapind iamds waitdngr ovi ded.

'Armng these sense anplifiers SAlL - SA16, one sense anplifier, i.e., the
- sense anplnformetighotse congtructed @f nan gnéeréla&cqqnte@l signshgeneratared
conpl-enentary data |ine pair through_the 5 common data lines, is

el ceier sﬁ%i?;‘*%“is%ﬁﬁ;‘n%'%f“i?fﬁt"'“*‘“’**ﬁ’;‘;"r et e P\ ©'

wBi ting operati8n! degode %’PEBFE@“ BS%’% é§?tF-me§anp }’aﬁ e © %rought 10
goner at o 20RFesH SR dko 3 Rt HER na'\xiﬁéf Ergm el ot SeroR B ROt or

Tont st at 88 RIDEREE %éﬁzegﬁf%’ u'??%“%”&?f‘gr}%s[%g‘%ﬁ”“ Uk, (GBEA 1mee | nt5|ognal

of the dayg NP4y i1¥eS WEYS & WL2128, WR11 - WR1128 and WR21 - WR2128).

Among_the address signals Ay~ Ag. those A, and Ag are used for \J
10 selectixig one ﬁemerY' rsatrix from among iﬁe four memory rzsatrices
M-ARY1 to M-ARY4. D |
The address buffer ADB receives the address signals Ao - AlS‘ -
and forms internal complementary address signals 35 - 85 based on
them. The iﬁterhai complementary _address .signal 2y is composed of
15 | Ian'int.e'rnai address ‘signal a, which is inphase with the address signal

A,, and an internal address signal a0 whose phase is inverted to that

0’
of the address signal Ao The remaining internal complementa:jr
acddress signals &) - 3¢ are .simﬁ_a.rly composed of internal address \./
s:i'gn'als"al T and idternal address signais 'é'l - ElS'
20 L Amn'g the internal comble-nen*ary address signals 8y = 35
formed by the address buffer ADB, those 2,. 35 and aq - 8,5 are
supplied to the column decoders G-DCR1 to Q—DCR4. ‘The column
decoders C-DCRI to C-DCR4 decode these internal complementary
address signzls, and supply se,e""cn signals (decode output signals)
25 obtained by the de:oding, to the gate electrodes of swrtcl_un_g

insulated-gate field effect transistors. (hereinbelow termed "MISFETs")



15 ~anplifier DIIAL is transmtted to the conplenentary data |ine
pair [err] through the cormon data line pair CDL1, CDL1 and the M SFETs
[err] . If oh this occasion, the word line W.11 is selected by the row
decoder R-DCR1, infornation corresponding to the output signal of the fdatam
i nput internediate 20 anplifier DIIAL is witten into the nmeno it B
cell which is located at the intersection point between the word |ine{W}1~
and the conple- mentary data lines [err]-A3hough not especially T

restricted thergto, t compn datsa |inepair: 1 anpd e 1 | S, CONMPOSEE
of four sets of*gpgarolrigal‘a *2328° 1128i‘n%2@@'r§%&1!b@®m%a' ISCI)ﬂEOlpairs)
in the present g I ment ... AND f sets_ C 9] ata line pairs,
two sets of con?fga i W?ﬁ%’iﬁaﬁ saéﬁz"%sﬁ%\?\;?hﬁg éhgﬁllitg’ggggw@i'kevm se to the
illustrated -15- ¢ ta lisn S, L remai ghng 1 sets of
common data |ine pai rgggﬁé %geugﬂﬂl%g ﬁgg{lr‘\&er‘ﬂat lel'hb?b&' ﬁ%ﬂérrre 12128 anpl i fi er
DL.1 A1 through t SW tyekli NQ s [efd and - ' y I nput
termnal s of on‘gﬁéénsew:%lﬁﬂ%i %%lé;rﬁ&gahd glﬂezﬁzﬁbuc{t%%épéﬁ?ggfg %Vﬂe corlbft

el ectragde of eaghiQf dfhene3éxtdtinal Hddisk CEigRAISVASFETS 35 GsededtRbielyt thetach
of the four sets of common data |line pairs. That % s, "®he input tefmnals of

the sense anplifdwerdezdess RIDCRL Y RMDCRBtduscriiRid ebovél S Ode tbfiple-
switching M SFETs [err] are coupled to the first common data |ine
pair; the inputméstariyndbta dinet pairsepseintéd by the comihinktien &AZharektehmal
i nput and output termnals of the switching MSFETs [err] are coupled to
t he second comaddxassasiginats Baj.r Agt lend iyt A%rfsrﬁlecteﬁ from sy a plu-

arrpl,\i\f/i er

rality of co‘gnplementary_ data line pairs Dyo01° 51001 .- D,y28¢ 51128;

10 Dyonir Dopos = P2yzsr Daizsi Paoorr Davoy = Daizer Daizei 2nd
D 4001 54001 = Dyy08¢ 54128 by the column decpders C-DCR1 to
\/ ' C-DCR4 and the column switches C-SW1 to C-SW4 described above.

Thus, the memory cell M~CEL which is located at the intersection
" point between the selected word line and the selected complementary
15 : data line pair is selected.
1In the reading opération. switching MISFETs Q. Q‘l - Q.
(_34'. Qg 68' Q40 3512, Q,g and 616 are brought into "off" states
U by & control signal which has been delivered from the internal control
' s'ignal. generator circuit COM-GE, though this is not especially restric- -
20 tive. Thus, common data lines CDL,, CTT.-I - CDI4. CDL, and write
signal input intermediate amplifiers DIIA]l - DIIA4 are electricé]ly
isolated. The information of the selected memory cell is transmitted
to the common data lines through the selected complementary data line
pair. The information of the memory cell transmitied to the common
25 ~ data lines is sensed by the Seﬁée amplifier, and is delivered out
through the data output intermediate amplifier DOIA as ‘well aé the

data output buffer DOBR.



SA3 and the input and output termi naI s of the switching M SFETs [err] are
coupled to'the third common data 15 ~ |line pair; and the input -

term nal.s of. the sense anplifier SA4 and the input and output terfinals .of
i™¢ching M SFETs [err] are coupled to the fourth-common data |ine

fhe witing operation, the four sets of common data line pairs are
callly coupled to each ot her thrg%gh the 20 swi tching M SFETs
1efeas in the readi ng opera- ti they are electrically isolated
ach ot her . InTHHE .prseht epftsiilbat) Bikfeenr saiken@mpheieabiae t 0 reduce
—Capaci tances which are coupled to.the input term nals of the sense
anpl i fier,provitieatl dhems ahesé sensthamphfiers GAI keSAd8diong s@eseti on can be
achi eved. 25 . In the reading operation, only the sense anplifier ‘
havi ng i t samplfier, i.e.l,6the eaensaaﬁmphﬁeplvehbsteoinm tetmioatareata |ine pair
to which the informa- tion fromthe selected nenory cell has been

transni t t ecburiedutphthé selagited (namplemeptry detsdinecpair toranaivdhe the
“sensing operation. Each of the other common data |ine pairs CDL2, CDL2 o/
CriL4, mmomoarﬂaéﬁrlémnﬁuse}qui hY fosense agwlifier selestiondsigsal i ne pa) r
CDL, CDL1 described above. Al though, in the present enbodi nent, t{he conmon
control siHem theasnse qmwi%éeij@tpﬁecigwcﬁﬁﬁé MSERT $XeERFes ther | and

[err] the selsﬁctron sreignal s fromthe col utm decoders 10 may well be

suppl i ed tFIHR fve switching M SFETs. Thus, it is possible in the
writing operati ' ' dat a |nput

I nternediate arr% #ﬁ%r&qgﬁﬁthggr%tgﬁgncegrea&{ﬁ&%?@h f1§t€25 .
10 " into Yon" st"ates'.by the control signal from_ the 'internal control .

signal generator circuit COM-GE. in ‘the case where the colum
| | .decoder C-DCR1, for example, has brought the switching MISPETs W
. 91001 and 61001 into "on" states in a_ccordance with_ the ad_d_ress
signals A, - A;c, the output signal of the déta input intermediate
15 arripliﬁer DIIA1 is transmitted to the comp_lementairy data _line pair
Dlobl'_' 51001 through the common data line pair CDL1, TDL1 and
- the MISFETs Q;. Q,, Qyp0ys Qypgy- If. on this occasion, the
word line WL11 is selected by ‘the row decoder'_R-_DCRl, information
r:orrespozr:ding to the oqtput__signal of the data input in'_t_ermédiate
20 ~amplifier bIIAl.is written into t_he_x:_zemory celi which is located:: |
: _at the intersecﬁoﬁ point betweep the word -.li_ne WL11 and the comple-
mentary data lines D1001' DlOOl‘- | |
| Although not esnecza.ly restricted thereto, the common data
Yine pair CDL1 and CDhI1 is composed of f_our sets of common data
25 line pairs _(subco_mnipn_ déta line pairs) in the_ present emboéim_em.
Among_these four sets of ‘common data line pairs, two sets of common

data line pairs are shown in the figure. Likewise 1o the illustrated



of the witing operation can.be achieved. The internal control signal
generator circuit COM GE receives 15 two external control signals, CS
(chip select-signal) and WVE (wite enable signal), and generates a
pl urallty of control S|gnals [err] [err] WECS, WECS, DOC, etc. The g
amplifier circuit SASC receives the chip select signal CS and the iy

conpl-ementary address signals [err] and forms 20 t he foregoing
anplifier selection signal and interna jehip select signals CS, CS. \Fi

is a bl ock diagram which shows the address buffer ADB and row decodeNs_

R- DCRO, R-DCRL Qe 2

Fig. 2, the ci rcg?ntd? of. t#gseﬁbggl'ctié; rgfn og'gé %Ets o? ESE S éiraéar%??ed '
bl ack are quasips@MIgrei ddiipléd fdnﬂs@u&tarlnaumu&ermem @bﬁ@%&sb Af or
.charging and di scharging an output signal "line 1s made o0 |po

transi stor, whitheohgRnHesswitehii MISFETHQOGEFS| &l Sré
non-inversion, NAND or. NOR operations are r?adg 2ot C%Fgasr he Ci rcwt of

an ordinary | og]he Sypio tet minald of coidVigenbe amplifierS 46481 dne ApSHAWA bitfilg-
2, imthe address buffer ADB, there are arranged non-inverting/inverting _

circui 6s [err] elagtosde |otﬁpeetc$1 of cthiev 32 tsees afdswrehiggMASFETR! dde @bupldd to =

| evel s fromoutside and which serve to transmt the non-inverted outputs

[err] and the €8ch of the doer tasds oft pommofedaty line quatpsd .enitiaarig, otiepiiput

signal lines. Each of the non-inverti I’l?/l nverting circuits [err] s con-
terminals of the sense amplifier SA1l and the input and output termi-

nals of the switching MISFETs Q.. Q1001 - Q;032 Vpp32 are coupled

~ to the first common data line pair; the input terminals of the sense
10 amplifier SAZ and the input and output termiﬁlal.smt;f.-{he swiiéﬁing
MISFETSs Q1033 Q033 - Q1064, Q;064 are coupled to the second
~ common data line pair; the input terminals of the sense amplifier
-- SAI3 and the inpu't and oﬁtp_u.t terminals of the switch}ng_ _l_\{lISf‘ETs
_- 61065' 61065 - Q..'ILOQG' 61096 are coupled to the third common data
15 line pair; and the input terminals of the sense amplifier SA4 and
the input and output termi.nals of the switching MISFETS .
.Q1097_. 'Q1097 -~ Qyq9g¢ @yq0g 2T coupled to the fourth cominon
_\-/' data line pair. In the writing operation, the four sets of common
data line pairs are electricany coupled to each other through the
20 switching MISFETs Q4. 51 Q. §4, wherezas in the reading opera-

tion, they are electrically isolated from each other. Thus, it is
possible in the reading operétion to reduce stray capacitances which
are coupled to the input terminals of the sénse emplifier, so that
enhancément in the speed of the reading operation cen be achieved.

'25 In the reading operation, only the sense amplifier having its input



structed of a quasi-CMOS circuit as shown in Fig. 4. In Fig. 4, [err] and
[err] indicate In Fig 4, [err] and [err] indicate Nchannel M SFETs;. [err]
“and [ery] . P-channel M SFETs; 15 . and [err] and [err] N-P-"N bi pol ar
tranpsistors. A resistor R40 and the M SFET [err] constitute a gate pro-

1 et i rcuit which serves to protect the gate insulator film.of the
err] froman external surgggvoltage applied to an input termnal.
Since the M SFETs [err] .and [err] constitute a CMOS
¥érmhitals icogplechtoahe subomumonndata Hhgrpdiri topwdseh vthehinfoems+ gnal
podg [err] is transmtted to a node [err] Since also the MSFETs. [err]
erT] tiorc froah i thet selactEdOBemoryr cali has beemdiranamippedsthroughhthesi gnal - of
the node N3 is trans-. 25 mtted to a.node [err] The transistor is”
an out put switoigngtMISFETs dhaselestgd: tre exgputs the csansing [anerption. afasht put
termnal OUT, while the transistor [err] is an output transistor for
~ di schar gi of thee otheracommoa Hatel iner phirs CDL2, BPhe- BD4; (DM HasTan[err] -
and [err] .constitute a CMOS invertér, a si gBaI nt i pha.s%-to- Si gnalof
the node. pEFINgsment gimilanitetbatqf the, Se@moay ppter ﬁié"elvPSjr'rE Dler ﬁ%l is a
sour ce-f ol I_owe% M FET which is turned "on" by the signal of the node [err]
so as to SFPFYPEILARY&urrent ‘to the transistor [err]  for discharging the
capaci-tive |oa {:@&gih Oﬁi%aﬁxe%&@é‘éntt EhBbafen?. "the LOfm¥hSESHtrbf sidnat

oper ates, not ! _ _ o
| - WECS- is supplied to the switching MISFETs Q,, @, - Q,. Q,. Qg T,

Q'llz' le,' Qla_and'ﬁle.. the selection signals from the column decoders \J
10 : may well be supplied to the respective switching MISFETs. Thus, it
-is possible in the writing operation to reduce the load capacitance of
. the data input intermediate amplifier, sd thai énh’ancexﬁent in the speed
of the writing operation can be achieved.
'The internal control signal géne:"‘at__or circuit C_QM4GE receives
15 - two external control signals, T3 (chip.sélect -si_gnal) and WE (write
énable' .signal) . _and generates a plurality of control signals CSl. CSZ'

CS,. WECS, WECS, DOC, etc.

3
_ The sense amp]ifier circu:t SAS_C receives the chij:: select sigﬁal
CS and the internal COmpleméniary address siénals'g.z - 25 ‘and forms
20 |  the foregoing sense amplifier selection signal ahd internal chip select
signals CS,-_ T, _ | | .
' Fig. 2 is a block diagram which shows the address buffer ADB
 and row. decoders _R-DCRO, R-DCR1 and R-DCR2 in Fig. 2 in greater
detail..
25 - _ In FiQ.- 2, the circuits of those _logic symbols whose ouiput

sides are marked black are quasi-CMOS circuits wherein an output



| oad of the source-follower M SFET [err] but also as a switching M SFET for
di scharging charges stored in the base of the tran- 10 sister [err]

In order to ‘prevent the transistor [err] =~ frombeing driven inits

saturation region the source of the M SFET [err] -~ is connected to the
col l ector of the transistor [err] not to a power source [err] Likew
order to prevent the transistor [err] frofybeing driven 15 in
saturation region, the draln of the MSFET [err]  is connected to thé

o e né?r?ar%?ﬁa”?' Phastihb B0 ARchioRRIEh iRYE FibTRL I IS mRaP o
oo vt i nos SEBLbHA é."%%fw(éfw sl ot "Bgic pracessing such se
the i gh 'eve'q@e@ghe ok, U 5 NORE SRR b e o, 0P

a base current ‘base of e transistor rough ransi st or
[err] so that PRS| sl &yl ﬁith%‘?ld 8iha ts% ti@ ClJT
at the hi gh vst‘efir the ESFEEI.‘ t mﬁrneéywe’%Pc sob'%aitu%r%ﬁ{)egggﬁs
cur%r@ I's supgirib@ft.to the transistor [err] through this M SFET (b2. At

this 25 time, the MSFETs [err] . and [err] are “on" because the node
[err] is at the highsl siebn ihNFRANESOREERE addiess MAITEes KD, therelareand
[err] turn -19- "off" because charges stored in their bases are

di scharged t hr angingedenbh Snirésting/imvbriting feirthwtselior e, Gheviemeabiputee | oad
[err] is charged rapidly by the bipolar output transistof [err] of | ow
out put i npedanceseivéithe adm'mpsd@naﬂwd-\q oadAg;dﬁ IFldiecisigon owisidé yandy 5
t he bi polar output transistor [err] of 1ow output inpedance. Wen . -

N which serve to transmit the non-inverted outputs ag - ag and the-

10 i inverted outputs ao - 38 to complementary output signal lines.

Each of the n'on-in_verting/inverting circuits G 0 - G8 is con-
structed of a quasi-CMOS. circuit as shown in Fig. 4.
In Flg. 4, Q40' Q42: Q44r Q46' Qsoc Qsz and st indicate
| N-channel M;SPETS: Quyr Q3. @ 45 and Qg IP—channel MISFETs;
15 and’ Q47 » Qup Q 51 and Qg, N-P-N bipolar transistors.

A resistor R,y and the MISFET Q, constitute a gate pro-
tection circuit which servés to protect the gate insulator film of the
AISFETs Q41 . Q@ 42 irom &n extermal surge voliage epplied to an |
input terminal. |

29 ' Since the MISFETs Q41, Qgp. Q43 and Q, constitute a CMOS
inverter of two-stage cascade connection, a signal inphase with the
' signal of a node N 1 is transmltted to a node N3
Since also the MISFETs Q 45 and Q 46 const:rtute a CMOS
inverter, 2 s:lcna. ant:phase to t‘te signal ot the node N 3 is tranc-
25 mitted to a node N . | |
The transistor Q 47 is an output trans1stor for charging the

capacitive load C 41 of an output terminal OU.L . while the transistor

Q 48 is an output transistor for discharging the capacitive load C 41"



the charge of the capacitive load [err] has ended, current stops flow ng
t hrough the collector-emtter path of the transistor [err] Wen the.
"dlscharge of the capacitive load [err] has ended,. currents 'stop f1 owi ng
t hr ough the drain- source path of the M SFET [err] and 10- and t he
' ctor-emtter path of the bipolar transistor [err] Wen a signal of |ow
ek /g applied to the input term nal18N-of the non-inverting/inverting

D o isthes! f5o DA ISERTS 00 LRATQ ) dosihie dbfidgose [orr] and

tugn e capaci t err I's- di scharged fast,

, eéﬁ%?ﬁéﬁ,,‘, ¥Csignas a%?pﬂée to thel ﬁg%'%@rd!eﬁié ¥de ML fshisardsine, the

turns because the node [err] becones the ﬁlgh level. In

consequengﬁ t@&rqbggsn&;é)med in the base of the bipolar transistor [err]
are fast charged to eart h potential point through the M SFET [err] so

that the turn- Orhesuml'::'pf%tﬁr%baM@eetiﬂwatmsfmrivmau esharaed. Wien
the discharge 20 - e capacitive:load [err] has ended, currents
stsf)p f 1 ow mgynt Byotige 'sﬁbﬁanbmmesaaaeav?agma@fmt bppY SFBEsé Qurrenndot he o/

| ector-emtter path of the bipolar Yransistor [err] Wen the charge of .
t he capacifheverdmsgtdrey,], furs désuhartging rthentapacifivef loadi ngtdsfr angh t he
~collector- emtter path™f the bipolar transistor [err] 25% 1 f
the char geowptitdtesmiial&BT. t Bhe MISFRT \Qx{ opesates; rjotandlyf esrthere not
executed by the bipolar output transistors [err] [err] -and [err] but
are inst eaidaéxei:ahedsmgtcewfm MIBEETWAY E l:but BISCQGS &xavitehibbe only at
| ow speed because the "on" resistance of the M SFET becones a nuch | arger

. value as O¥HRETBdJIoni disaliaing qhae'gmpsiroaﬁdtimaﬁbe fage. of the tran- <
10 sistor Qs4 | | |

In orde:r to prevent the transistor Q 48 £rom bemg driven in
its saturation region. the source of the MISI-‘B'I‘ Q 45 _i_s -c_pnnected
~to the callector of the transistor Qg Mot to a power source Vee:
Lik'ewi.se', in order to prevent the transistor Q'54_:Erom being driven
15 .in its saturation region, the drain of t_hé MISFET QSZ- is .co_nne_cted
to the colléctdr of the tra‘nsist_or: Q 54 not to the powér source VCC‘
This point is alsoan importént féat’ure in im;irovements.
" Accordingly, when a signal of hich level is applied to the
inpﬁt iérmin'al IN in the 'non.-in'verting/i.nver-ﬁng circuit of Fié. 4,
20 ‘the node NS becomes the high level, and the nodes N, and N
' become 2 low level, to supply a base current to the base of the
' 'transistor Q 47 tnrough the transistor Q. 43, 50 that the transistor Q 27
“is turned "on”. When the output terminal E_‘T is at the high level.
" the h..;SF..T Q- is furnes "o:z“,. so tha‘ the base cu"re:zt is
supplied to the trensistor Q54 through th1s MISFET QSZ At thzs

25 - _ time, the MIS:.:.’I‘s Q 45 ané QSO are "on" becaLse the node N, is at

3.
the high level. In consecue"rce, the transzsto*s Q,z 5 &né Q g4 TUIT



In contrast, in the address buffer of the embodinent in 5 Fig. 2,
t he output, transistors of the non-inverting/inverting circuits [err] for
delivering the internal address signals [err] to the output signal.lines
t hereof are nade of the bipolar transistors as shown in Fig. 4, so that
evenitwhen the output signal lines of the non-inverting/inverting circui
[err] 10 are arranged over relatively long distances on the surf
of the sem conductor chip, the non-inverting7i%%é7ting circuits [err] a
permtted to opeLah s éﬁﬁgd % -%ﬁﬁgh'

operates as the %i?e-eb%seaé% e?hof thgto-g grfex{s)\s%g?fggﬁs 5{_ 'S r%%d?gggﬁéugh

R-DCRO i s con- : uc f 3-ip NDbe) > o err]""l
Corahich tha 1 ni2e MISFET@ U é’?gn%% T HQe i il oafaserr

buffer ADB are gratd&d rapfily’binghd bm'ﬁidﬁﬁhtt StrifEiskod @ WhbE o héutphitP
sel ect signal CS and the output signals of the 3-input NAND circuits [err]
are applied. 20impedance, while i oapazitivei lpadl Ckgﬂesdfsbhafgédi rapftHyop{put
signal_lines of the 3-input NAND circuits [err] *and (40 - (A7 and. the

out put Signal | tm&ﬁpblat'hw@dtnmmSmcmgglﬁtbw[ eutgyt irthpédenoeow Wrewder
R-DCRO as the pre-decoder are arranged over |ong distances in the vertical
di rection wit hi the icharge efethrierpasitiyeRlonb C,; has emdgdR- QCR2ntvétoph are
the decoder drivers of the address circuit, as illustrated in Fig. 2. -
21 - Each of th8owingphronghiths celieetorfemitier paghdl] the ftrapsistar Qpe. r ow
decoder R-DCRD jn Fi gﬁe Zdii s constructed

When scharge of the capacitive load C 43 has ended, currents
o stop flowing through the drain-source path of the MISFET Qg, and
10 - and the collector-emitter path of the bipolar transistor Q5 4

When a signal of low level is applied to the input terminal IN
U of -the non-invertingl.inverting circuit in Fig. 4, the transistors Q47
and Qg, turn "of_f".a'nd those Q48 and Q51 turn "on", so that the .
capacitive load-Cu“is discharged fast, while the capacitive load C 42
15 is charged fast. At this time, the MISFET Q53_ turns “on" because
| the node N 5 becomes the high level. In consequence, chai'ges stored
in the base of the bipolar transistor Qg, are fast discharged to
earth poteﬁﬁal point through the MISFET Q53, so that the .turn-—off
speed of the bipolar transistor -Q54 is enhanced. When the discharge
20 | of the' capaciﬁve ioéd. C 41 has ended, currents stop ﬂowing through
~the drain-source path of the MISFET Q 45 and the collectér-emitter
path of the bipolar transistor Q 28° When the charge of the capacitive
load C 42 hes ended, current stops flowing through the collector-
emitter path of thé bipolar transistor QS]‘
25 : - If the charge and discharge of the cépacitiye loads C a1 and
C 4o 8T€ not executed by the bipolar output transistors Q 47° Q48'

Q51 znd Qs4 but are instezd executed by MISFETs, they will be



of a quasi-CMOS circuit as shown in Fig. 5. The quasi-CMOS 3-input NAND . _

circuit in'Fig. 5includes an 5 i nput | ogic processing portion which

i s conpesed of P-channel M SFETs [err] and N-channel M SFETs [err} and an
: portion which is conposed of N-P-N bipolar output transistors [err]

ET Q61 operates as.-a switching M SFET for dis- charging charges

iyn the base of the bipolar transigfaor [err] 10 When

sifgnal s of high level are applied®o all. of three input termnals

t e NS-$hOr . Junngtaf £ G oh b A r L turn

4" n‘o%;ééi err%?g qglcla%?nt\reisovg ﬁpz)e\l/éval %5@4‘%5%0& t ﬁ’é trarié%agltc rg%tﬁlt urns
"off". Theggepprt olia it { th r aNSI~Sk- élyq% u ot and
when an ou?%ﬁ%.ﬁ?ergr%r% CIJ!FE&?S aﬁﬁﬁg a"g gglt%hg)bﬁ?a et%/lefl?}ﬁt ﬁfe),tglFansi-stor

- [err] | ShipHet i1@dn¥istér 2 base current through the transistors [err] and
turns "on". "Charges in the capacitive load [err] of the output termnal OUT
are rapidly di sthasitdasty ai thardddrdae! Butfed! o ehalenibydimghit lihe

~collector-emtter. path of the transistor [err] while at the sane tine,
dischar ge Eig.r @pttHd owtpit transistdrer ofiGheandwiheertih6ineramds al ong t he

- capacitive load [err] a diode [err] the M SFETs [err] and the base-emtter
junction o€irchitsbGpot &k, tfoandelivening ettre] intérnal bddeesk symalsoss both the
ends of the diode 8 _at this time controls the transistor [err] into its

"of " stat®ps 8lgi-atigs. ag3o the output signdlelings thepeof sremeadeffithe | evel is

applied to at least one of the three input terminals [err] the node [err]

becones t hRinelaf transistons,asshawn dnoFig-cfr |so thatseven whemdthehe capacitive

- 22_ . -

oﬁ_tput' 'sign'a_l lines of the non-inverting/inverting circuits G 0° G8 \J

10  are arranged over relatively long distances on the surface of the
'semicond_uc.for chip, the nonj-ir;verting/inv'erting circuits G, - Gg )
are permittéd to operate at high speed. C : _ < |
The row decoder .'R.-DCRO in Fig. 2 operates as the pre- |
~ decoder of the address circuit. This row decoder R-DCRO is con-
15 - structed of 3—input NAND circuits G |

G

-G G,, - G,, and

_ 16 23 24 31
40 ~ G4y to which the internal address signals ag 5'0 - 38'58
obtained from the address buffer ADB are applied, and 2-input
‘NOR eircuits Gy, ~ Gyq to which the chip select signal CF and the
output. signals of the 3-input NAND circuits G,, - G4, are applied.
20 S '._The output signal lines (that is, the output signal lines of -
the 3-input NAND circuits Gie - 'Gz-'3 an§-G 40" G 47 and the output
signal lines of the 2-input NOR circuits G32 - ng) of the row
‘decoder R-DCRO as thé pre~-decoder are atrénged over long
distances in the vérﬁca_l direction within the row decoders R-DCR1
25 o ari_d R-DCR2, which are the decoder drivers' of the address circuit,

- as fllustrated in Fig. 2.



|l oad [err]is rapidly charged through the collector-emtter path of the
transistor [err] According to the high level of the node [err] the
transi.stor ° turns "on", and the charges stored in the base of the
transistor [err] are rapidly discharged through the drain- 5

source path of the transistor [err] so that the turn-off speed of the
transi'stor [err] can be enhanced. In this nangger. the output portion p
quasi - CMOS 3-input NAND circuit in Fig. 5 is constructed of .the bipol

capac % ve'l oag orrFadh &‘féﬁ%?a?ﬁ%ﬁmhﬁﬁ?ﬁ?ﬁéﬁ& el dioyalize 92@%&:‘% e

Cnei ©out put s coeo T Biapctwgn e Fi AR REBERT iR of cebfptedd )

which is only aof{ gb&\éésylgbia@%g\%g{ sdgagﬁ&”ﬁqgn?ﬁé.i gn, each of them may 15
. a

wel | be construcC pure circurt as shown in Fig. 6. The pure

CMOS 3-1nput NAND Ci gl 4 ééi-'fmxs 8-inp R ONRXES &1 AluiP-inhAIels McRRdES aher ]
and hannel M SFETs l[‘err Since the I'ength of a signal line froman
out put ¢ er m nal jgut loﬁié%eﬁénﬁeﬁ&‘ﬁ&?d\llﬁbﬁvﬁ, chiiSosetP 3€ i B-HHaAngR! ue of
the stray 20 _ capacitance [err] of the output termnal QUT is small.
Accordingly, evRISFEES Qg-Cle}%d&mﬁ-c@h&ﬁbHMSFﬁﬂ‘st Qﬁ SHL l,Saiiman
capacitance [err] are ex¥tutel’by the M SFETs [err] aﬁ Q@ Q69 havi ng
conparati vel y gnemput" portisrewisithniseeompbsed ol iN{R-Nxspolardoutputotyamsistoyel y
hi gh speed. 25 _ Each of the 2-input NOR circuits [err] wthin
the row decoderQR, DORG.i n'The MISFETR Qonoreratescasie awipehing BHISSES! fonidisas
shown in Fig. 7. ' _
N . J charging charges stored in the base of the bipolar transistor IQ63'

10 ' ~ When input signals of high level are a’b’plied to all of three
input terminals IN, - IN,, the t'ransisto'rs’-.d 55 ~ Qg, turn "off", the
N, transistors Q 58 ~ 'an turn "on", a .nodé N 2 becomes a low level, ar;d
the transistor Qg, turns Noff", Then, in the output portion, the
transistor Qg2 turns "off", and when an output terminal OUT is at
15 the high level, the transistor QéS is supplied with a baée curreht
through the transistors Qgg - Qgq and turns "on". Charges in the
'capacitive ioad o 43 of thé output terminal OUT aré rapidly discharged
U | to an earth potentia! point through the collector-emitter path of the
transistor Q 63.' while at the same time, a discharge current flow
20 “through 2 route which e#te_rid_'s along the capacitive load Cy3- 2
_didde Qgy the MISFETs Qg - Qg and the base-emitter junction of
the bipolar'transistor Q63' A voltage drop across both the ends of
the diode Qg, 8t this time controls the transistor Q52 into its "off"
siate reliably. -
25 ) " 'When an input signal of low level is .ap'p];ied'. to at 1ea;t one
of the three input terminals IN, - IN3; the node N, becomes the

high level, the transistor QBZ turns "on", and the capacitive



-23- The quasi-CMOS 2-input NOR circuit in Fig. 7 includes an input logic
_processing portion which is conposed of P-channel M SFETs [err] and .
harpel M SFETs [err] and an output portion which is conposed of N-P-N
¥pokarNout put. transistors [err] The M SFET Q74 oper-ates as a sw tching
S@J{_QET

Nich serves to discharge charges stored in the base of the bipolar.

i gtor [err] When input signals of22ew | evel are applied to both of
:pt termnals [err] and [err] the transistors [err] and [err] turn
ONLA0 1oad thg, 18 aapidiyockalged fthaodgh the collevtor enitter, patit of node [err]
becomes a hi gh tevel .- Then, the transistor [err] turns "on", and the
capaci t i veheomdnkixtol @é .anAcoopdingt to theahigbUleved ofaphellnodeh¥rged t hr ough
“the collector-emtter path of the transistor [err] The high | ével of the
node [ err Jthe tmagsisiar éj@f turassionerand thel chajgesndtaried hahgdeaset ored 15
the base of the transistor [err] are rapidly discharged through the :
~drai n- soucf etheatrangistareQip Avs sepidly edisThatoethdhroweh tthendsain-speed of the .
transistor [err] can be enhanced. en an input signal of high |evel is
aPpl i ed t §ource Rath @f the rtrgpsisier :g:@'i ApUhat g fiansoff spegdaphl e, the
transistor [err] turns "off", the

o tt ' | the 20
;pggsi SSLELFZVP%‘E{%}}’ES Gemﬁa.rfahﬁiwnﬁ&ge,N 9 becomes the low | evel. Then,
output ter it nanRCHhS pabfer) ARESeRl pEHidn (o Hfe albbi-oaifl e, e
. | . d - ) ) B t- . . t - . n n .
o poati B-ieaft, BEND Wreaftlan HOUE 8 RonbLARILE A e Hibtiaf frahlt 1o "0
are rapi digteids Qs a8 GhLoUSHY tYhceoRe bRsrGiohlue idbBbRoglort i transi st g

- [err] while at the2'same ‘#8fre, a di scharge curten ows tRrough = a route~
~ ypich. ext eaggcitive load C,3 are executed at high speed. ' :

24 31

* Incidentally, since the 3-input NAND circuits G
within the row ded_oder R-DCRO in Fig. 2 have their outp'uts con-

-G
nected to the inputs of the Z-input NOR circuits G,, - G4 which
is only a relatively short distance _connecﬁon,_ each of them may

15 - well be constructed of a pure CMOS circuit as shown in Fig. 6.

 The pure CMOS 3-input NAND circuit in Fig. 6 is composed

= ng.
Since_the length of a signea! line from an ouiput terminal OUT is

of P-channel MISFETs Qg - Qg and N-channel MISFETs Q.

short és described above, the capacitance value of the stray

20 capécitance C 44 of; the §utput ter;nin_al O’uT _is sm_a]l_.
' A_c:cordingl_y, even when t_h_e_cha_rge‘ and .discharg_e of 1_:he.

IS_m_a_II stréy _;apéc_itance’_ C,q BYE executed bj_t_he MISFETs Qg4 ~ Qgg

and Q67 -Q 69 having_ com_p_araﬁve_ly gre'at_ "on" resistances, they

can. be execuied at comparatively high 'spe-ed. _ _
25 o _Each of the -_Z-i_np_ut NOR circui‘;s (_5_32 - G39 within the row

decode_r R-DCRO _‘ix"__x _Pi_g. 2 is cons'_:rﬁcted of a quasi~CMOS circuit

as shown in Fig_. 7.



- 24 - along the capacitive load [err] a diode [err] the drain-source path
of the M SFET Q72 and the base-emitter junction of the bipolar tran- sistor
[err] .OM ng to a voltage drop across both the ends of the diode [err] ‘at
this tinme, the bipolar transistor [err] is reliably 5 control |l eQ~
intd-its "off" state. The row decoders R-DCRL and R-DCR2 in Fig. 2 oper#t
as the decoder drivers of the address ciLrgyit. The row decoder R-DCR1

includes a 2-input NOR circuit [err] whi ch receives the. output signal

the row decoder R D oabieiod Minghi aiohsedfutt n gis. [ﬁgﬂ&1ﬁgfegﬁéthput

receive the output sign ut NOR circuit

signals of !neiholt 9668 prodisthi®) o o?'ﬁ@n' nn%ﬁ 8§ Scoﬁ-xfﬁl dsbd ofVPLgHakmgei ve the

out put signals o nput CIrCUItS [err] e distances of the

signal lines bms'?srrstbe Ulan@f N-BRar®el MISFETE- Qng Rardan t [err]
and the inputs of the 27 npu INAND circuits [err] ré reI ver | ong, and

the stray capaghutgi€portiouewhtdh i6emprisgdads N-mn BIpvlancgpuf\agansiisteysy ,
the 2-jnput NCR CII‘CUIt [err] is constructed of the quasi-CMOS circuit as
shown gn Fig. The MISFES Q Qcg operafes Rsua SWibEhingr MUISFET which
within the row de é Z? R-DCR1 in Fig. "2 have their outputs connected to the
inputs of the iserees dosdischatgevchehges stored dn ridleabaselof Steobipalasttaane
connection, each of themis constructed of a pure CMOS circuit as shown in
Fig. 9. 25 sistor Q,c. The pure CMOS 2-input NAND circuit inFig. 9is
conposed

When input signals of low level are applied to both of two
— input terminals IN1 and IN 9 the transistors _Q70 and Q?l turn "on",
10 - the transistors Qn.and Q73 turn "off", and a node ._N9 becomes a
high level, Then, the transistor ('975 turns "on", and the capacitive
U load C 45'of an output terminal OUT is rapidly charged thro_ugh the
collector-emitter path of the transistor Q75. 'Ihe high level of the
node Ny turns "on" the transistorlQ“, and thé charges stored in
15 the base of the transistor Q. are rapidly discharged through the
drain-source path of the transistor Q74. so that the furn-off speed
of the transistor Q75 can be ehhanced.
When an input Signal of high level is applied to at least either
of the two input terrﬁinals, for example, the input terminal! IN 1 the
20 transistor Qm-turns "oif", the transistor Q., turns "on”, and the
node N9 becomes the ldw level. Then, in the output portioh, the
transistor Q75 turns "off", and when the output terminal OUT is at
the high level, the trahsistor Q. is supplied with a base current
through the transistors Q72, Q77 and turns "on®. Charges in the

25 capacitive ldad; ] 45 ‘of the output terminal OUT are _rapidly. discharged’
through the colleétor-emitter path of the transistor Q75, while at the

szme time, & discharge current flows thrcugh a route which extends



of P-channel M SFETs [err] and N-channel M SFETs [err] Since the |ength of
tthe signal- line froman output termnal OUT is - 25 - short as
<ri bed above, the capacitance value of the stray capaci- tance of the
3 inal OUT is small. Accordingly, even when the charge and
qf the small stray capacitance C47 are executed by the M SFETs
[Jerr] having conparatively grgaf "on" resistances, they are _
execut\ed af high speed. The outputs of the inverters [err] within the row
'Ry 21 4+héd o nec he dsl:nes..l.err f the.
Rk VoY g R A O R s R T
is, the optpHe RISFET QLD&nhdthé aden jor ' _decoder
R-DCR1 as the decoder %%Ever are arraﬁg£%${2u%§g? %?%Ft :B:;g%{%? %’%\g
di st ancessistot "-%.atewaﬂ:gouoreowﬁgé Brofcaditis"BHN Yhéldrits M ARX1 as the
word lines. [erT] so that the stray capacitances of the word l'ines [err]
become qudiceld Q.geat this time, the bipdlanstratatdiopiQihes irahablyers [err]
wi'thin the row déecoder RRDCRL in Fig. 2 is constr{iCted of a quasi-CMOS
G rcuit acomtrolledi mteiigs "06f" Shatequasi - CMOS inverter in Fig. 10 i s conpose
of a P-channel M SFET [err] N-channel M SFETs. [err] and N-P-N 20 bi pol ar
out put transi sT&esroy cjecodere RRERI and R-PERE fuFsg. obpSrdtevaster is the
sanme as the operation of the circuit }err] for obtaining the inverted
“out put & decagern sriverse Pt ithe addressngireuifoui Thenraw glecadennd t he

detail ed Heppd PLG0al Y oSN diSeutt 6,; which receives the

output signals of the row decoder R-DCR0, 2-input NAND circuits u

10 G 49 -G 56 which receive the output signal of the ,éfinput NOR
circuit G 4g 3nd the output signals of the row decoder R-DCRO;.
i and_ inverters G 5'7 - G'64 which receive the output signals of the

- 2=input NAND circuits G G

49 ~ s :

The distances of the signal lines between the output of thé

| 15 2-input NOR circﬁi-t.'G 48 and the inputs of the 2-input NAND -
circuits G 49 = G 5g are relatively lop'g, and the stray capacitance
values of these signal lines are large. Accordingly. the 2-input
'NOR circuit G 4g 1s constructed of the quasi-CMOS circuit as shown
in Fig. 7. | | | | - |

20'_ o - Since the 2—in1$ut NAND circuits G 49 = .G'ss -_v_:ithin the row

' 'decoder R-DCR1 in Fig. 2 have their outputs connected to the - o

"inputs of the inverters G57 - Gg, which is ohly a rel.ativ_ely_ short
distance connection, each -of.ther_n. is constructed of a pure _CMOS.
circuit as shown in"?ig. S. o _

25 ' The pure CMOS 2-input NAND circuit in P_ié.._ 9 is __coz'n_po_séd
of P-channel MISFETs éaz' st.and_N-ch_annei MISFETs Qg,, Q.aé'

ince the length cof the signz! line from an ozitput terminal QUT is



omtted. The charge and di scharge of a great stray capacitance [err] 25
are executed at high speed by the N-P-N bi polar output transistors [err]
-26- In Fig’2, the row decoder D-DCR2 is constructed sinmlarly to the’

R-DCR1 stated above, Fig. 3 is a block di agram which shows the address /—\
buff er ADB, the colum decoder C-DCR1, etc. in Fig. 1 in greater detafl Zé l

Also in Fig. 3, the circuits of those | ogic synbols whose output sides:
mar ked bl ack are quasi-CMOS circuits w&rein an output transistor for _
chargi ng and désstaagidegctitedsabove cahecddpantanoé vlueipthe SitpmialcabhioN
made of a bipolar transistor and wherein |ogic processing such as

i nver si on, nontanwecosithe, otAND @wrmifii? OYTI@s small. executed by a CMOS
circuit. The circuit of an ordinary logic synbol is a pure CMOS circuit. As -
shown in Fig. 3, inAtberdidghasevenfwben AR, chéwge: andedischangedf the small
non-inverting/inverting circuits [err] whose inputs receive the address
signal s [err] strayTcapasitncef Cgimaret exeruigAobysthe MISTERRI Qprc&pme @
transmt the non-inverted outputs [err] and the inverted outputs [err] to
t hei MZonpl enedrd Qg HEFIRG Somparativalis greatnopf' xesistances, they. are
non-inverting/inverting circuits [err] . I's con- structed of the-

quasi - CMOS ci r®fgqutgd %%BWisr?eFFig. 4. Accordingly, the output transistors

R
CULput S!Sl KGR O 15, Pk USITUP B WBachbB s, | 1B, 1

the memory array M-ARY1l.. Accordingly, the output signal lines

10 (that is, the output signal lines of the inverteré G 57 = G64) of the
rdw decoder R-DCR1 as the decoder driver are arranged to cover
relatively long distances in the -late_ral ‘direction iriside the memory
arraf M;ARYI as the word lines W_L11 - WLl-a,' so that the stray
capacitances of the word lines WL11 - WI.18 becdine guite large.
15 Thus, each of the inverters G 57 ~ Ggq Within the row |
decoder R-DCR1 in Fig. 2 is constructed of a quasi~-CMOS circuit
as shown in Fig. 10.
The quasi-CMOS inverter in Fig. 10 is composed of a
: P-_cha._'mel MISFET Qsé, N-channel MISFETs QB? —'ng, and N-P-N
| 20 bipolar output transisiors QQD' le. . The operation of this quasi-
CMOS inverter is the same as the opération- of fhe circuit Q 49 " Q 54
for ob_iaining_ the inverted output OUT of the non-inverting/inverting
circuit in Fig. 4, and the_detailed description shall therefore be’
omitied. The charge and discharge of a great stray capacitancé C £8
25 " are exeéuied at high speed by the N-P-N bipodlar butput transistors

Qo Q-



the surface of the semiconductor chip, the non-inverting/inverting ci rcuis
[er'r] are permtted to operate at hi gh speed. 25 The col um
'decode !CG-DCR1L includes 2-input NAND circuits [err] and [err] to vihi ch the
- ; ’ddr ess -27- S|gnals [err] and [err] obtained.fromthe address

are applied, and 3-input NAND circuits [err] Further, as shown
_ , Jthe output signal |ines ﬁ‘ the NAND circuits-[err] are arranged
i Y0 peng /di stances and are 5 : ’ connected to the input terninals of a
ge nupber. of Chl Cighigt Shd gﬂgcm SO0
-t ha e stray cggp]aEU tha#(l:&esf% 9 Jgdggtgutﬁcgﬁgﬁsg‘&bfl?ﬁgg?o?%ﬁﬂ ND circuits
[err] becQ Heahggg}-apg%{eanggoygl ues. Accordingly, each of the 3-input '
NAND ci rcwts [err] is constructed of the quasi-CMOS 3-i nput NAND

circuit as ShOWig'rBB& biockadghgiah wifich 'éhod RRUtad¥YIEs Buuits [err] is
con- structed of a guasi - CMOS 2-1nput NAND circuit which is obtained by

“omitting ADBj et célamn datoddy3 CHIXCR he et SEE Bigl.el ik frexteri detafl. 15
On the other hand, in Fig. 3, the output signal lines of the 3-input
cércuits [err] Xse inoﬁtgacﬁectheocirlcaiﬁsnpﬂtthosﬂ logicesymbals whoke wi t h short™
di stances, so that the stray capaci- tances of the output signal |ines of
the 3-i npoutszddea:are gngrked biroke areeduasi=zpMOSt aircuitsawhereinAgtor di ngl y,
each of ‘the 20 3-input NOR circuits [err] is constructed of a pure
CMOS 3- i nputpwiOransistan for charging and discharging the stray capacitance '
| of an output signal line is made of a bipolar transxs_tor_ and wherein
lcgi_c' proceésing such as inversion, non-inversion, NAND or NOR is \../
10 | executed by a CMOS circuit. - The circuit of an ordinary logic symbol
is a pure CMOS circuit. |
As shown in Fig. 3, in the address buffer ADB, there are | \_)
arranged nori-invertinglinverting cift:uits 'G7' ' G15 whose inputs
receive the address. signals A, - Als of TTL levels from outside and
15 | _whic?h serve to transmit the non-inverted outpu-ts.a7 - 2 and the
inverted outputs _'57 - '315_ to their complementary 'outpﬁ't signal lines.
| Each of ;hé non-inverting/inverting circuits G, = G,¢ is con-.
structed of_. the quasi~-CMOS circuit as shown in Fig; 4. Ac_cofdingly, u
‘the output transistors of each of the non-inverting/inverting circuits
'2b G-7 - Gls are méde of the bipolar transistors as illustrated in Fig. 4,
so that erveﬁ when the output signal lines of the non-inverﬁnglihverﬁng.
-circﬁits -G7 - GlS' are a'rrangéd to extend relatively long'd_iStances on
the sur-f.ace of the se‘r_nicon_ductor chip, the non—inirgrting/invefting
circuits G, - Gl“slare permitted to operate at high speed.
25 .. - - The column decodér C-DCR1 includes 2-input'NAND.-'c'ircuits
Gy - Gy Gog = G, and G

g2 - Ggs to which the internal address

74 77* 778 81



Further, the output signal lines of the inverters [err] are connected to
the input termnals of 2-input NOR circuits [err] with a relatively short
di stance connection so that . the 25 stray capacitances of the outp
signal lines of the.inverters-[err] have small capacitance val ues.
Accordingly, each of -28- he inverters [err] is constructed of a
wel I'-known pure CMOS inverter. Further, the output signal |lines of the
2-input NOR circuits [err] are connected %.?_:th'e gate el ectrodes of th
switching 5 M SFETs [err] of the cblum switch C[err] with
conparati vel y sipnals di, st aﬂgeamb anceta cgnebtaineﬂ hixomt tite atddagss duffer HADR
the output signal lines of"the citcuits [err] are small. Accord- ingly,
each of these dY¥eRapplied; tand S-iyputt NANIR cbivfuiss ;ﬁg’se- . 2-i nput NOR
circuit as shown in Fig. 8. 10 ' ' The pure 2-input NOR
circuit in Fig. 8 irsuugnepomsbbwn-tmd’dgel3.M®Emppermgndnunﬁ_@aMI
M SFETs [err] Since the distance of the signal line froman output term nal
is com parat iNAND shsmits Gag stG gy araprIarnandewithr Jondofisthnces dng are .
termTal OUT has a snal | capaci t ance val ue. 1? ' : Accordingly, _
even ®hen t he SORRegted,ig hesinpvyderpinale ofn3lpras W%pﬁ%iﬂ%c@rf\g?% are
executed by t M SEETs, [err]., @B0.and [.err]l havi co ratiyely. great "on
resi st ances, [kﬁw "a ese&(’%&‘iﬁ%ﬂea@lﬁwghhgﬁ . %Eggﬂudf ggﬁt@agf%‘reeéﬁ‘_ ¥ oned
3-input NOR circui [rle s 20. o} ructed of pyr gs\/DSB-input
circuit V\,hereicr?% cit%ptl;gs i‘:]r{ptne ogt_put. signacl ﬂﬁés ot fhe NAND cqrgu_i |

G7 4" G93 become large capacitance values.

~ Accordingly, each of the 3-input NAND circuits GBG - G93

10 s 'constructed of the quasi-CMOS _3-inbut NAND circuit as shown
in Fig. 5, and_eac_:h of fhe 2-input NAND circuits G‘74 - G85 is con-
et structed \of a quasi~CMOS 2-input NAND circuit which is obtained by
omitting the inpﬁt terminal IN 3 and the MISFETs Q,S?' Q 60 froxh
Fig. 5. | B N |
15 Oh the ofher hand; in Pig.. 3, the putbilt signal lines of the
3-input NOR circuits G94'. .G95 are connected to the inputs of
inverters G 100° .lGJ.Ol with short diétances, so that the stray capaci-
1 tances of the output signal lines of the 3-input NOR circui;ts _
694 -G o5 I_iave small Eapaciianc_e _v_alues. Accordingly, each of the
20 3-1:_1put _NOR cifcuits G 94 ~ .GQS is cqnstmcted _Qf a pure CMOS
3-input NOR cirguif. . ' |
| : Fu_rther. the output signal lines of the ipverters GlDO‘ Glol
| are' connected to the input tefmin_als of 2-input NOR circuits
GSS’ Ggg with a relatively short distance connection so thai the
25 stray capacitances of the out;ﬁﬁt signal lines of the inverters

G 100 G 101 have small capacitance values. Aécordingly. each of



termnal [err] is added to the 2-input NOR circuit in Fig. 8, a third
P-channel M SFET whose gate is connected to a third input termnal [err] is
_|nserted in-serieswith the MSFETs Q and [err] .and a third N-channel .

whose gate i's connected to the input termnal [err]. 25 IS

\n parallel with the MSFETs [err] In addition to the above, it
that, in Fig. 3, the 1-bit 2fenory cell MCEL of the nmenory

1inFig 1lis -29- shown in greater detail. Specifically,

hecinvetters G hGyg, ds domistguctedpok edwell- Enéwhpphite CMOS whi ch

e i npu and out puts ‘of a palrr of inverters consisting of |oad

‘reshsta ce%We[f‘é?Ir-] and N-channel M SFETs [err] are cross-connected, and 5

N- channel M SFETs . [errll whi ch serve as transm ssion gates: The flip-flop. -

- is enployed as Bunthats the outeit signalibpemof othe 2vinputr NRRIchroudts gates are
controlled by t he address signal which is_applied to the word line [err]

connect ed Foat Fog BTF FORBABIETRIPERE. gate elasdredaso phdbp oswiteBinghi ssi on

E fer S RN
airou s S Eified SonfRciths s ok PR ptia BroR Sl B aher oo

Flicurt Qg gnal undslof e NoR! GuslIMGrD! & afildhdn, BT, (e

SASC whi C'inb?fe'e‘éﬁﬁ M"Qh@é‘et ﬁdﬁ"ci?éﬁiﬁs glé‘&'fst?ﬁcgﬂeﬁl of3 pﬁ?g ¢fibgh forms the

control signa _
2-input NOR circuit as shown in Fig. 8. </

(/)

10 The pure CMOS 2-input NOR circuit in Fig. 8 is composed of
P-channel MISFETs Q78' Q79 and N-channel MISFETs QBD' QBl'
Since the distance of the signal line from an output terminal is com- \J
parat:vely short the stray capacitance C 46 of the output terminal
OUT has a small capacitance value. _
15 Accordingly, even when the charge and discharge of the
small stray capacitance C 46 8re executed by the MISFETs Q78‘ Q79
Q 80 and Q 81 having comparatively great “on" resistances, they are
executed at high speed. |
Each of the aforementidned 3-input NOR circuits 'G9'4 - Ggg is
20 constrx.c..ed of a pt.re CMOS 3-1nput c1rc..ut wherem a third input
terminal m3' is added to the 2-input NOR ctreuit m Fig. 8, a third
P-channel MISFET whose gate is . connected to a third input temunal
' IN3 is inserted in series with the MISPB’I‘s Q78 and Q79, and a third
N-channel MISFET whose gate is connecte:l to the input te*tmna; IN 3
25 is inserted in parallel with the MISPETs an, Qal.
. In addition to the above. it can be seen that, in Fig. 3 the

1-bit memory cell l"-C:.L of the memory array M-ARYl in Fig. 1is



supplied to the data output internmediate anplifier DOA, the row 20
decoder R;DCRO and the columm decoder C-DCR1. The circuit of this porti
to whi.ch the external chip select signal CSis applied is constructe
the sane.circuit as the -non-inverti ng/inverting circuit in Fig. 4.

t he but put signal CS of this circuit is Obtﬁl%ed from bi pol ar out put|
transistors [err] 25 [err] and [err] tHe capacitance depende

the charging and dis- charging speeds of the outputs CS of the sens

anmplifier selec c e | I Degfejout

-30- of the sené}éé%'riﬁ p*éeartgé Q_-P II’CUI?P% |%{emc necm tgﬂt e i nput
termnal s of th tdye oflehy g and to
the input term na o%aéﬁﬁlé\l% %)otgée% d[?e? r?’w ?l%%hfe}?co}ﬁc ecodlje—yrs iE:r-l%)CRI in

Fig. 3, this oug @g;utg%ﬂosc PaRSof ASvertBes icABSistAULBEBES Fdifstantes!R CSROf

t he sense anpli selector circuit SASC is connected to the gatJe

el ectrodes of aapd maénatrme@fnamﬂrmcq% MGELT arelidrbis-donpedfsdy anaput
integmedi ate anplifier DOA, this out bt econes fast. Although no

il lustrgation i SNrgKienhel MISFET YW §0€\h avisichaggivie- ad Qransmissidregased.ect or
circuit SASC includes a decoder c cw I ch receives the internal

conpl enent ary addr esThei fimfiop ¢s enployetl tdsca aheans forestodngdinformatidén.
signal CS and which forns a selection signal Sl to be supplied to the sense
anplifier. Anon@hehransmissiomygates are GiitrolledAd®, thehad dxessesigmpl iwhieh is
whose input terminals are electri- 15 cally coupled to the

conpl enentary depplied to the word kee JBI pcreaneetedet@dhedray despdenifrier 1,

circuit, whereupon the sensing operation
~— and the information transmission between the complementary data line

.10 pair D1001, 151001 and the ﬂjp-ﬂop is controlled by the transmission
gates.

\/ . Fig. 11 is & circuit diagram in which one example of the
essential portmons of the sense ampliﬁer selector circuit SASC and
one example of the internal cont'r.ol. signal geheratot' circuit COM-GE

15 " in Fig. 1 are shown more in detail. |

| _ Shown in the ﬁgure is the circuit of that part of the sense '

_amplifi‘er selector circuit SASC which receives the external c'hip |

select signal TS and which forms the .ccntrol'signals cs, T8 to be

supplied to the data output intermediate ampiiﬁer DOI1A, .the row
20 decoder R-DCRO and the column decoder G-DORL.

The circuit pf this portion to which the extemel ehip select
signal CS is applied ie coﬁstructed of the same cireu.’t.t as the,
'non-inverting./inve.rting Citeuit in Fig. 4. Since the output signal
CS of this circuit is obtained from Sipolar 6utput.transistorsl Tl,'Tz.

| 25 ) | T3 and T Y ‘the capacitence depepd_enc_:es of the cherging and dis- |

| charging speeds of.the outputs TS, CS of the sehse amplitier

selector circuit SASC are low. Ac"”d.ncly even when the output



t hereof is executed. The output portion of this -decoder circuit is
constructed of a quasi-CMOS circuit so as to | ower the capacitance
dofendeqces of the charge and di scharge af sphe output. Thus, the 20

- he operation of selectlng the sense anplifief can be enhanced.

f@fﬁen“?ﬁéfs;%?éré‘r?p of $Récdor Eaﬁgéi?éi’f%p';éﬁnﬁev&°s§t?ﬁﬂeﬁ?3§{ar
Soder”ci e (et Ehe RoR e, g iy B W AR o o

formed by e c&‘”%ﬁ“faécodé?’?‘sif’ 68 5 b O oo GRBHARL 23 o The

sel ection - 3 Si gp%én%ﬁ ,hged euBLHY %%, Tmstgﬁaggé&tcgg reduce

t he nunber 094el er9§nts erefore permts enhanci ng sity of

| Ntgegr ati onpechpfes fdRl “%eéldéér@lveﬁl #hah ARNBLESO! CY bf Uhle Emblt->
Fig. 11 includes a circuit portion which is supplied w.th the external chip

sel ect si gnfbr GRledtberdabduit GASDEIsatentedibd & thy gafteléléefraales gl gy chip
sel ect signals [err] and [err] The greater part of this circuit portion
const r uct edplaraliMoBicswitchirgy MISFETs wdtltnethe Bhta outpuif Interpredidteand [err].
are respec- 10 tively obtained from bipolar output transistors [err] -
[err] the cupplifienR@IAletbixontpst &S tlecombarfgstand di scharge of these
outputs are low The internal control signal generator circuit COMCGE in
Fig. 11 is furt hbl‘thpnghl uedllwstnatiprbis @ade Emﬂheaﬁgum.c Ithessen,qspamph-

10 fier selector circuit SASC includes a decoder circuit which receives
o the internal complementary address szgnals a7 g5 and the afore— \J
mentioned control signal CS and which forms a selection signal S1 to
‘be supplied to the sense amphfier Among the sense amplifiers _
lSAl- - SA1lS, the sense amplifier whose input terminals are electri- _' \/
15 _cally coupled to the complementary data line pair to be selected is
o selected by this decoder circuit, whereupon the sensing operation
thereof is executed The output portion of this decoder circuit is
cons "ucteu of 2 quasi-CMOS circuit so as to lower the capacitance
dependences of the charge and discharge of the output. Thus, the
20 _ speed of the ooeration of select.ing the sense ampliﬁer can .be | _ o/
enhanced Even in a case where the above control signal is | _
supplied to the decoder circuit, the control signal CS is fast because
it is formed by the bipolar transistors as stated above
"'*"iough, in the presen.. emboc::zent, the oe.oder circuit is
25 located in. the sense amnlifier selector circuit SASC in order to

select the sense amplifiers the selection s:gnals formeo by the column

decoders C-DCRl to C-DCR4 may well be utilized for the selection



15 - with the external wite enable signal WE and the internal -
chip select signals [err] thereby to generate the wite control signgd
WECS, WECS and a data output buffer control signal DOC. The greater/pa
this,circuit portion is-simlarly constructed of CMOS circuits. Si
however, the signal WECS is obtained from 20 _ bi pol ar out put _
transi'stors [err] the capacitance dependen_gesj of the charge and di sshar
of this output WECS are |ow. Accord- ingly, “even when the out put WECS“

lied to the | i . i f N i j t
D s ot b sHAE STRE neRke (ML 8RS pilonbE S BBIIC LS (00
sw tching 25 numbe%ﬁ%ﬁéfaexgisr rgéna rilhga»gwé,pé i%s camm:m/ﬁ eDeGRs fast.

- .32 - Fig. 12°isacircurt agram ch the sense anp I er SAT, "the
data output in Eriﬁ?é’éﬁét?orﬁ”m ifier DOA, -the data output buffer DOB, etc,
I'n Fig. 1 are shown hore 1n detail. Fig. 13 is a circuit diagramin which

the data input buff qrh@h&erhap;ceaimigiﬁum geheraRe @reuf"OLM-GT iwl | Al ,
etc. (in Fig. 1 are shown nore.in detail. Fig. 14 is a diagram of the signal

Wavef\)/srrs of V@goUu pdludes 2 tireuitcpdreiynl whivhdisMsuppliedCwithothé he static
RAM whi ch is one enbodi ment shown in Figs. 1 to 13. 10 First,
t he operation ektétmalsthipi selB2tVisigndlhES¢yitlereby tcegdnerptend @luwalitynofi | | be
described with reference to Figs. 12 and 14. It _is assuned that, as _
i |lustrated inifteynal 4ielay relip sedentssignals €S peTiypl CBatarsh Gff;.t hEhaddr ess
signals [err] the chip select _
greater part of this circuit portion is constructed of CMOS circuits.
o/ Since, however, the outputs CSZ' CSI, CSl'and CS3 are respec-
10 tively obtained from bipolar output transistors Tg, Tgi Tg, Tyo'
Tll' le;' and _T7.' T8' the capacitance dependences of the charge
‘and discharge of these outputs are low.
The internal control signal generator circuit COM-GE in
Fig. 11 is further provided with a circuit portion which is supplied
15 'With the external write enable signal WE and the inté'rn'ai delay chip
select signals 5§1, 'CSZ-, thereby to generate the write control
signals WECS, WECS and a data output buffer control signal DOC.
The greater part of this circuit portion is similarly constructed of
CMOS circuits. Since, however, th‘e signal WECS is obtained from
20 bipolar output transistors 'Tl 4 TlS’ the capa';itance dependences
of the charge and discharge of this output WECS are low. Accord-
ingly, even when the output WECS is applied to the large number
of input terminals of the NAND circuits {riot shown) of the column
decoder C-DCR1 in Fig. 3 or ithe gate electrodes of the switching
25 MISFETSs Ql’ 61 - le',' 616' in Fig. 1, this output WECS becomes"

fast.



l.s held at the high level as it is. As shown in Fig. 14, the
‘delay chip select signals [err] the wite. control signal WECS and
qut put buffer control signal DOC are. produced framthe internal
giosijgnal generator circuit COMGE at that tinme. 20 ‘I'n the
ye the supplied address sigrs2ls [err] are, for exanple, those
oint the word line [err] and the com plenentary data |line pair

lerr the mgapry, eelal cifothl andyreh i wiea! etk gtenw%xﬁﬁﬁﬁéé%%ﬂron poi nt

"between the word line [err] and the conpl enentary data |line pair err] is

25  $péafdtadoutpif irteemsalaté inaslBe? POXA, khe éaqhefsﬁ%ﬁtnsmeycell
MCEL i's transmitted to both the inputs of the sense anplifier SAl through

t he conpl eDOB aretcddhaFig.n@ g Ehbwhr hore inadgtaihe 33 switching M SFETs
[err] The sense anplifier SAl is conposed of a differential pair of

em tter-coupl edRigarsS i ar sirfuitr fisgrdma i avisichnthes datenhpaobuffeM SFET .
[err]. Wien the selection signal S1 of high level is applied fromthe sgnpe
anlifier BIB, the datd doput intexmediagns@plifierhDPILAl cetd cdn rRige dfarehe o
constant .current source-M SFET [err] the sense anplifier SAl executes the
sensi ng op&hewnomore\dendetdad.i nt ernal. chip select signal CS.of high |evel is
applied fromthe sense anplifier selector circuit SASC to the gate 10
el.ectrodes of c&i&t glﬁt is. gr disgramont the\yigpplrwaveiorns of vardows RRrdst put

I nt er nedi lifjer A hj in -
! te rr-Ed,I ah? tggpréa %yc le and vtnr}t% g}?ct:lg c?iu ! g -tstla'tict:eﬁAM which is one

embodiment shown in Figs. 1 to 13. o ._ _ : \/ L
10 | First, the operation of the static RAM in the cycle of reading -
information will be described with reference.to_, Figs. 12 and 14.

It is assumed ihat, as. fllustrated in Pig. 14, simultaneously U
with the application of the address signais AO - AlS' the chip select
signal TS is changed to the low level, whereas the write enable

15 - signal WE is held at the high level as it is. As shown in Fig. 14,
" the internal delay chip select signals Cs,, Cs,, _CS3, the write
-control signal Wm and the data output buffer contral signal DOC
are produced from the internal control signal generator circuit
 COM-GE at that time. | o -
20 - . In the.case where 't}z_e.'sup_plied address 'si_gnais AO - Als are,
| for éxample. those which appoint the word line WI.‘ll and_ the com- |
plementary data line pair DlOOl; -51061. the memory cell M-CEL
- which is located at the inte_rsecti'on. poiht between the word_liné

o)

WLI_I and the compl me.ttary cata Lne pair Dlﬂol‘ 1001 is
.25 ~ selected. The internal information of the selected memory cell

M-CEL is transmitted to both the inputs of the sense amplifier SA1l

through the complementary data line pair D101 51001 and the



medi ate anplifier executes the. anplifying operation. Accordingly, the
out put" si‘gnal of- the sense anplifier SAl is transnitted to the output no
[err] of the data output internediate 15 anplifier DOLA through"/ , ~
earthed -base transistors [err] emtter- follower transistors and out gut( C}

n

M SFEfs [err] As illustrated in Fig. 12, the data output buffer DOB i
supplied with the data output buffer contral §i_gna| DOC fromthe inter
control signal generator circuit- COMGE. In addition, as 20 sho

Fig. 12. the dat ' | SpCcoNpPos 0 hRVErter-
[err] and [err] %"’%ﬁ%@‘:& %ﬁg"sl %ﬁl'l\&&@g& rggllet ng?stfg?n a qu%gif-%GVDS
2-input NOR circgy [gf ¢ D= S ' MI?ET- .

N- channel swi tcﬁ?ar%pﬁegl?gfra][g?ri r@@ﬁ%rﬁnﬁ bg’ﬂﬂttgﬂ? S%E%Lf‘éérirh}&gnd an
N-channel out putT25, T, andM S5RStdritr &hridhereduieedRISFETIPUL bufdear tgont 1 ol
signal DOC is at ¢he rﬁzgh | evel , the swi tching M SFETs [e?Q]- are turned

"on", and the seleddon sgh@us1NiShighs leveélr il appBesi froht tHe @eaky dmplest
"off"_so that the output D of the data output buffer DOB falls into a

hi gh i medance sseleetorftivatitn§ASCate thel gatieheleeyaide of theasbnygannhicarsent on,
t he data output buffer 5 control signal DOC becones the |low |level to
turn "of f" the mmmM@M'BFEa thersehsammplifiey B2 ekecutesdtse sensing
output M SFETs [err] are controlled by the output of the quasi-CMOS 2-input
NAND circuit andPReretiontput of the quasi-CMOS 2-input NOR circuit, . the

out puts being responsive to the signal |evel of the output node
. When the internal chip select signal CS of high level is:

al .
i

— I_ . | applied from the sense amplifier selector circuit SASC to the gate
10 - electrodes of con'stant' current source MISFETs T23 - T26 Qf the
data output iptermediate’ amplifier DOIA, this data output inter-
\ " mediate amplifier executes the amplifying operation. |
Accordingly, the oﬂtpuf signal _of the sense amplifier SA1l is
transmitted to the output node N,; of the data output intermediate
15 - amplifier DOIA througb_ earthed -base transistors T g0 Toge emitter-
follower transistors ng,- '1'30 and output MISFETs T35 - TSB" |
As illustrated in Fig. 12, the data output buffer DOB is
supplied with the data output buffer control signél DOC from the
internal control signal 'generatof circuit COM-GE. In addition, as |
20 shown in Fig. 12, the data output buffer DOB is composed of a pure
and T,

39 4
, a quasi-CMOS 2-input NOR circuit of T a9 " 'I‘55, a

CMOS inverter of T 0" a quasi-CMOS 2-input NAND circuit

of T T

| a1~ Tyg
‘ - P-channel switching MISFET T g7, an N-channel switching MISFET
TSB' a P-channel output MISFET 59° and an"N-chanﬁel output
25 . MISFET TGO’ | _
When the data output buifer control signal DOC is at the high

leirel, the switching MISFETs Ts-.]', T58 are turned "bn". and the



0 [err] of the data out put I nternmedi ate arrp'l ifier DO A, whereby

data is obtained fromthe output terminal [err] In order to reduce
e3|stances of the output- M SFETs [err] the channel widths Wof.

" Then, thegate capacitances of

f_-]he_‘_ A SFETs 15 '[err] becone very Iarge. Si nce, however, the out put

t he quasi - CMOS 2-i nput NAND&LrRrcuit is conposed of the bi pol ar

f[ t¥ansistors [err] and the output portion of the quasi- CMOS 2-input

~charge and. di scharge of e

Cuidutptit QATEFEFEl Tof ttrg besfR0 b BHiulRath $Biisly MAiinedi S683" 5 sd &dd t he
Pe capaci tances 20 . of the output

M SFETs ' [t@lel duhet BXGCLdfeth@ltdd‘na PutppeebufiBelBPOBI fallngntd @ Figds. 13 and.
.14, the operation of OHhe static RAMin the cycle of witing information
14, - si nul taneously with the

will be dampedande state I(Eloatingt stateh. Fi g.

application of the address signals [err] the ch| p sel ect si %nal
changes 25 = In thetdyelé of readihg infermation, tthe datar eutpnih

changes to the low |l evel. As shown in Fi

 sélect si goatsol signsl |IDORcberomes thatlov!

Tasn

uffsrgnal -
14, the internal. del ay chi p -
edrte twmclofildthe switghing 35

out put buffer.control signal DOC are produced fromthe internal_control

si gnal geSHREFS of uT!;gCGﬂﬂCEhﬁtgattﬁa?leﬁrrﬁgesAef she antPHt MIPTERS | nput

data Din and the |nverted nternal, chi ct. signal ], are applied to
Che dat n Thesit Tigor 768 coREroLed BY the BulgkF i the FRFIHEMOR, 21 RESS, Gnal |

sel

LRl SR Rkt Lo b S o ORI St oM SRR

swi t chi ng tMeSF

ou -E:L{t%rﬁll gnrgsﬁghesive to the signal level of . the output node \..J

10 N11 of the data output intermediate ampliﬁer DOIA, whereby valid

‘data is obtained from the output terminal D

in order to reduce the "on" resistances of the output MISFETs \J

Tsgr Tgpe

the channel widths W of these MISFETs are set at very

large values. Then, the gate capacitances of these MISFETSs

15 - ng, T60 become very large, ~ Since, however, the output portion

of the quasi-CMOS 2-input NAND circuit is composed of the bipolar

output transistors T 47° T48 and the output portion of the guasi-

- CMOS 2-input N_OR circuit is composed of the bipolar output tran-

sistors Tss; TSG' the charge and discharge of the gate capacitances

20 of the output MISP:.Ts ng, TBD are executed at high speed

Re;_ernng now to Figs. 13 and 14, the operation of the static

RAM in the cycle of writing information will be described.-

As ﬂlustrated in Fig. 14, simul taneously with the application

of the address signels Ao - Als,.the chip select signal Ca changes

25 ~ to the low level, whereupon the write enable signal WE changes to

the .Iow_ level. As shown in F1g 14, the internal delay chip select

.' signals .CSI, CSZ‘

CS,, the write control signal _Vw‘E§§. and the datz

”



"of f" state. Thus, the input data Din is transmtted to an output node N12 .
t hrough pure CMOS inverters in nulti-stage connection. 10 In

Wit ng information, the wite control signal WECS changes to the low * ZEEN
| evel,. "Then, within the data input internediate anplifier DIIAL In Fig. @ (

P—cha{nnel M SFETs [err] turn "on", and N-channel M SFETs [err] turn "offf
so that a signal inphase with the signal aﬂ:e out put node [err] of th
data input buffer DIB 15 - . appears at~ ode [err] while a signal :
anti phase thereto appears at a node [err The si gnal of the node [err] is .-~
transnitted tOOUtFeltchtﬁﬁﬁr eentyol isignglep R ugedurom @M)Snrtﬁm?ﬁt er
conposed of transistors [err] while the s of the node [err]

transmtted toCemMEobsional geiexatph %ﬁ?‘&tld;ﬂM“GFePr HRkrgh a qua3| CMOS

i nverter conposed of transistofs [ Si nc charge and. di s
t he common data |i né spshow ’[’e‘r“r%‘%f ?ér é&?uﬁa *‘%Ekf’ aé’gpg&? daKeEe f*&%mal

uasi oS | nvEpiB. Peiett ndl b, 68 eBhleR 10 Gheladt e”%&@&rtﬁﬁis e
ST r H AA s HBAECS T A,
| |

e pair [orbrclinhdl Sidinll SERETE, dr B 4ol 188 flgnf‘ﬁ?‘é g%%ﬁmy
cell is executgfly fhe “on" state, andSaf Nf&ignbePfstit@uﬁbrMﬁPﬁ'P 'f' $3htdade’ N

t he foregoing
"off" state. Thus, the input data D 'is transmitted to an output

L

~ node le through pure CMOS inverters in multr-stage connection
10 In writing information, the write control signal WECS change_s _
to the low level. Then, within the data input intermediate ampiifier,
A . DIIAl in Fig. 13, P-chennel MISFETs -T63‘ T65 turn “on", and
N-channel MISFETs T6 4 T65 turn "off", so that a signal inphase |
with the signal of the output node N 12 of the data input buffer DIiB
15 . appears at a node N 13 while a signal antiphase thereto appears at
| a node N14. - | | N
The signal ...Of the node N 13 is transmitted to the common data
N kne C:DI.1 through a quasi-'CMOS. inverter cozposed o< tfe.nsistors
T67.- Ty, while the signal of the node Nlé is transmitted to the
20 common data_line 5551 through e quasi-CMOS inverter composed of |
transistors T,5 - T,g. Since the charge’ and discharge of the
common deta_ line pair (_JD_LI, Eﬁil of great parasitic capacitances
are executed by the bipolar output transistors Tyye 'i‘72 and
_'_1’77, T?B of th&e quasi-CMOS inverters, they are executed at high
| 25 . speed. . | | |

Thus, the complementary output siguals of the data input

intermediate amplifier DIIAl ere transmitted 1o the memory cell M-CZL



descri ption, the fallow ng advantages are achieved: (1) Each of the
v ting/inverting circuits [err] of an address buffer ADB is
gd of a quasi-CMOS circuit. Since, in the quasi-CMOS circuit, the
payt of a logic pro- 10 . cessing portion of . .
{ on |nvrs on/inversion is constructed of CMOS circuits, a | ow power
¢opsugpti gn i s possible. Further, output transistors Wmch execute the
vg¢ grd di scharge of non- i nver tec@rmd i nverted out puts are nmade of
" transi stors, so that even when the stray capacitances of the out put

'5|gnal li nes of " the non- : I nye gl rt|n circuits [err] becone
| ar ge,  a HIFQMIN,2Re ‘i?ﬂlé’i’%ﬂ |d€ﬁa|1§"% ré}#li’] 1'h&ne; sy é’} N8 ansi stors can
afford a& istange with s }_‘Ier eIeman* si.pns than a
v sET. - (UEEETERES TroBacomn acosr i e EuRIEDER ez 88 Etéﬁgﬁ |
capacita such the re 0 r ‘the NOR
circuits f%llr r?lahh' Dih\yv%%b?[ érr]vsﬁﬁ[ngf 1}’3@%%158’887%; B%%(}hﬁ . .
‘R- DCR2 arﬁxﬁf} -CMOS circuits, "so that -t hese C|rCU|tSV\w

- be low i £ P%ower consurrp on and high in operati ng speed. Further,

G rcuits whosepguj glgsufe ghahel g%gt@?é/%eggﬁye?sh{ qxe@&gm IgCucapaC| t ances,

such as NAND circults err] are constructe pure Its, so that

‘these cirgeid3pfiah b@,el M%avgh PN RGeS AU IPh0R - 37 - (3) Circuits

- whose out put Si gnaf I nes arge stray capaci - tances such as the NAND
circuits [errjipf Eeehwmtﬂe&adeﬁﬁv&mnber@nacaﬁcuﬁseGanGtruct ed of

. quasi-CMOS circuits, 'so that
: of an address buffer ADB is constructed of a quasi~-CMOS circuit. U |
Smce, in the quas1-CMOS circuit, the greater part of a logic pro-
10 cessing portion of non-inversion Iinversion is constructed of CMOS
cxrcuits, a low power consumption is possible Purther, output
transistors which execute the charge and discharge of non-inverted
and inverted outputs are made of bipolar transxstors, [} that even-
when the stray capacitances of the output signal lines of the non-
15 invertinglinverting circuits GO - G15 become- Iarge, a high speed
| operation is obtained since the bipolar transistors can aﬁord a lower
output resistance with smaller element dimensions than a MISFET -
'( 2) Circuits whose output mgnal lines have large stray '
G, -G

capacitanc-s, such as the NAND drcuits G -G

16 ~ Y23 C24

: 31'
20 G40 GU' the NOR circuits G32 G

inverters Gy, - Gg, Of Tow decoders R-DCRO, R-DCR1, R-DCR2_
are constructed of quasi-CMOS circuits_, so that these- circuits will
be low in the power consumption and high in operating speed.
Further, circuits whose..output signal lines have sma¥ stzay | .
.25 capacitances, such as NAND circuits G 49 " Gss, are constructed:of "
pure CMOS circuits, 'so that these’ circuits' ‘can be low in 'the power

consumption.



these circuits will be lowin the power consunption and high in operat- ing
speed. Further, circuits whose output signal |ines have small stray .
capaci tarices, such as NOR circuits [err] and inverters [err] are AN
constructed of pure, CMOS circuits so that these circuits will be | ow/i h%‘
powey consunption. 10 _ (4) Since a non-inverting/inverti g
circuit constituting a sense anplifier sel g?tgr circuit SASC is const\ucted,
of a quasi-CMOS-circuit a | ow power consunption is achieved. Al so, sinte—
outputs CS, CS are opdyai |20, Uk fi#Han bWSLar LA 1S
CS, CS becone fast evg%\) V\h&gﬂc‘{iﬁﬁﬂ}mss? rga;/{pcd;‘pgm ta%gﬁ?g?ngéf%%Eigy%w%
(5) Since an inff-aal LM B8lthel AAND 8RS @, CLr U tofENLFR Gecoders
constructed of a quasi-CMOS circuit, a | ow pov@r coﬁ%unpt I on I s_-achi eved,

and since out putsDERY to \CBTRYE L aret eorittutfcd@obi ARlsMCHROEPEirchita) Sdéos kRS .
these outputs [err] WECS becone fast even when their stray capacitances are
large. 20 these circ(fiy Wwiln®e hwlahatheuppuer ronstmpMdh addChith ih Gptat!

a quasi- CMOS circuit, a | ow power consunption is achieved. Further, since

t he I\a‘Fsge gat e ingpspeédnces of the output M SFETs of the data output buffer
DOB are charged and di scharged by bi pol ar output transistors, the charge

and di scharge of theFgsther2scircuits wheseoutput signalclings havedsmall rstgay

speed. (7) Since a data input buffer DIB is constructed of a pure CMOS
circuit, a | owGrRAsitansasumychops INOBcaireviss. Gg, — Gag 3BJ IBVATEYE data

I nput internedi ate are’qalifier DIIA is con- L
G 100° G101 2re constructed of pure CMOS circuits. so that these

W circuits will be low in the power consumption.
10 (4) Since a non-inverting/inverting circuit constituting a sense
amplifier selector circuit SASC is constructed of a quasi~-CMOS circuit,

| a low power consumption is achieved. Also, since oﬁtputs cs, C§
are obtained from bipolar' output transistors, these outputs CS, Cs
become fast even when their stray capacitances are large.

15 _ | - (5) Since an internal control signal .gen'erator circuit COM-GE

is constructed of a quasi-CMOS circuit, a low power consumption is

achieved, and since outputs CSZ’ CS3: ﬁl' CS.,, WECS are obtained

1’
from bipolar output transistors, these outputs GSZ,' CSS' 'C'sl, CS 1
WECS become fast-even when their stray capacitances are large. '
20 . (6) Since a data output buffer DOB is constructed of a quasi-
CMOS circuit, a low power consumption is achieved.
Further, since the large gate. capacitances of the output |
MISFETs of the data output buffer DOB are charged and'dischargéd
by bipolar output transistors, t’ne_charge' and discharge of the gate
25 capéci..ances are executed at high speed.

(7). Since a data input bufier DIB is constructed of a pure

CMOS circuit, a2 low power consumption is achieved.



structed of a quasi-CMOS circuit, a | ow power consurrptlon i's achi eved
Further since the charge and di scharge of common data line 5 ., pair

yhi ch-have | arge parasitic capacitances, are executed by bi pol ar

[\ ansi stors, they are executed at high speed. On ng to the

st\ic effect of the above, the follow ng characteristics could be

: n the static SRAM described jn 10 t he foregoing

limegt: (a) The propagration del ay$ §iTre [err] fromthe input to the

- o1 each;gf n v o t r t he address
Ut oA Siifed\dnasdd O;}}rtmgﬁfe@?ngieagega fifigh m&m Il ot

consunpt i @rueted!ds & MOBeEiricR,| 8Bt |ts [err] was
reduced t%ﬁabout 33. htﬂ'lair%’r?\)n: g\ﬁ E%ﬂce operggvl ﬁggﬁé%e"rns“ surrp?éjon t o about .
45. 8 (mMNacHiéyedhe propagation delay tine [err] fromthe input to the

out put -of each of the row decoders R-DCRO, R-DCR1, R-DCR2 and the colum :
decoders C- DCREutthet; DéiRée Vi cRatwe dndodi¥ebiargd@bf commonidd&ta(naec). The .
. stand-by power consunption of ‘all the decoders was reduced to substantigyly
Bero, andpdibeCDg, afDhg, pehich hawve lang®tparasitic @hpatitdhces(nde (c) The
propagation delay tinme“[err] of all of a nenory cell MCEL, a sense .

anpl i fi erex@tuteddby hipolaroowtnut transistods atthexngte exdsuted at higher DA A was
reduced to about S.0 (nsec).. The stand-by power consunption.of all menory
cells M Gmeedunbering 64 k (65536), all sense anplifiers SAl - SA16, and

the data output internedi ate
. Owing to the synerg1stic effect of the above, the following

characteristics could be obtained in the static SRAM described in \/ e
10 - the foregoing embodiment: | _ |
(a) The propagration delay time t pd from the input to the
‘output of each of the non-inverting/inverting circuits G o~ Gygof \/
- the address buffer ADB. was shortened to abor:t 3.0 (nsec). The
stand-by p.bwer "co'nsun__:_ption- of all the non-in'\'r'ertinglinverﬁng ’
15 . _.'cifcuits Gb - G was reduced to about 33.7 (mW), and fh’e operating
_ pbwer .consumption to about 45.8 (mW).
(b) The propagation delay time tp.d-irbm the input to the
-output of each of the row decoders R-DCRO, R-DCR;, R-DCR2 and
the cplumn decoders C-DCR1 to C-DCR4 was reduced to about = °
20 _ _ _4._8 _(nse_c). - The stand-by power consumption of all the decoders
- ‘was reduced to substantially zero, and the operaﬁng ‘power co_zi--
sumption to about 153 (mW). : o
(c) The propagation delay time t d of all of a memory cell
M-CZL, a sense a_p.fier S21 and = data output intermedia ie amph—
25 fier DOIA was reduced to about 5.0 {nsec). The stand-by power
consuzzipt_ion_of all memory cells M-CEL numbering 64 k (65536), all

sense amplifiers SA1 - SA16, and the data output intermediate



-39- anplifier DO A was reduced to about 0.6 (nmW, and the operating power
consunption to about 160 (MmN . (d) The propagation delay tine [err] f
the-input to the output of the data output buffer DOB was shortened
(nsec). 5 _ The, st and- by power consunption was reduced to Subst
zero, 'and the operating power consunption to 23.5 (mMN. (e) Owing t
above (a) - (d), the access tine (read tine) was shortened to about 3
(nsec). This value is substan- t|aIIy equa'l 3t9o-t he 15 (nsec) access ti
presently known ECL 10 ol ar to the above (a)
- (d), the st aamplfiepRIA Wae rsGHs?tE R @#0‘%’}18 §t‘d‘lw)c- SR%I\/F‘E# opgEatip8sent
enbodi nent was reduced to apout- glr%\?’ nd the operating power
consunpti on t cPEMHICOBEYMBTO M° a’PHBE fmad. represent relatively |ow
power consunption RE\‘M haracteri siics .interne ate betwe n th se of a

pLi or-a][t Ei pol ar ale"eapﬁ???ﬁa I a3y ity dega IR/ foser to
t

[ n\?Zﬁt |Oont hgsp‘%)liet?gﬁlltd it(?s?ai%ao?l\l{gﬁy\l\%%fs% %ﬁgg Sfet[']‘é?r Sﬂegorﬁ\ég& ?6_9"’ :
R e

the fotegoing e I 'ons “are possi

fol l ows: For ob&ﬁkpﬁo%mgyc&gdm%ﬁ# cﬁ% rl?ngllnwﬁll the | oad

resi stances RI, may we € replaced wt SFETs so 25

as to-construct the¢d) i pwihgPtePthe AboOR) RVesS Sithe &Q,gggletqmetmaal i p-flop

may wel | be constructed of multi-emtter N-P-N transistors. _
time) was shortened to about 15.6 (nsec). This value is substan-:

—/ - tially equal to the 15 (nsec) access time of presently known ECL
10 | " type bipolar RAMs. | _
(f) Owing to the above (a) - (d), the stand-by power con-
\_,f sumption of the static SRAM of the present embodixttent wae reduced
to about 34.3 '(mW)l. and the operating power consumption to about |
382.3 (mW). These values represent relatively lot/v power cortsumption
15 characteristics ‘intermediate betWeen those of a prior—art-bipola:; RAM
| and a prtor-a'rt static MOSRAM (and actually closer to those of the
prior-at't static MOSRAM). | | |
Zlthough, in the above, the invention has been
described on the basis of a preferred embodi-
20 ment, it is needless to say that the preSent inventiczi' is not restricted
| 1o the foregoing embodiment. A number of modifications
are possible as’ follows: o ' | ‘
- For example, in the memory cell M-CEL in Fig. '3" the load
resistences Rl' Rz may well be replaced with P-cnannel MIS‘.F':.Ts so
25 as to construct the flip-flop out of CMOS inverters. Besmes, the

flip-flop may ‘well be constructed of multi-emitter N-P-N transistors.



- 40 - Further, by performing refresh, the nenmory cell MCEL may well be
-construct ed of an information latch circuit based on the storage of charges -
see|l capacitance, not of the flip-flop circuit. The signal |evel's of
B™ss signals [err] which are 5 applied to the address buffer

&\ | be set to be ECL |levels, rather than TTL levels, with the

fer ADB executing a pr g [ evel conversion operation. An input
_ putput-.[err] may wel | - @nstructed in the formof. a plurality of
biX exanph@thédr bbfyspeﬂfd?hﬁﬁg refYesiOithdOmemory cell M-CELANg9. of _
course, the nunber of the menory matrices is not restricted to four, but it

‘may vel | well bBegssnsarusted bfran Infiormationalatbh ughcsitebadedc onathees have been
- given for various paraneters or characteristics, it is to be understood

"t hat t hesstanagelbf charges lihustoellt cmqitdryqe amoit db ﬂn@tﬂmﬂ@ ichrduitti t t he
“present- invention. -Finally, while, in the above, the invention nmade by the
~inven- tors ha¥hscsionslilevels abgbei didress signiabe AnseAgt \amhl aeet | on to the .

sem conhductor nenory, it I's not restricted thereto. For ex%gg .
nBedl ess BBPYEY tchike adsiress BufferADBcmRY sweB(be set to hed §euelrseu. ts%r
sel ecting a speC|f|ed cell, signal circuits for handling the reading and

 writing ofatharofhar i R léﬁﬁlst' h&ith H‘?lgfd(ﬂrreéﬁlI?%ffPBrAQBn?’FQHWYF% & he

operatlons of ﬁadl ng and it n? égforma- tion can utilize the present
i nvent i onPTeRex HEVel Fen e ré“?& ? 9 of other circuits such as b| poI ar

Lo e g R %%ﬁs‘%u& Denit B, YL b cReBrtR oo L5 -
o e B ¥ g prgwﬁr%ﬁﬁ@gﬁ:‘cﬁra&m% WA ! 1 PR 1P
10 1 bit. ' | '
| | Also, of course, the number of the memory matrices is not
restncted to four, but it may well be larger or smaller.
| Further, although speciﬁc values have been given for various
parameters or charactenst_ics, it is to be understood that these are
15 . illustratiue_ only, and do not serve to limit the present invention.
- Finally, whlle,: in the above, the iuVention made by the inven-
: tors has been chiefly described as to the case of application to the -
semiconductor memory, it is not restricted thereto.
For example, it is needless to say that, not only niemory cells,
26 . address circuits for selectmg a sueciﬁed cell, signal circuits for .
.handling the readmg and wnting of information, and the timing
circuits for controlling the operatio_ns of reading and writing informa-
tion can utilize t_he present inve_ntion. On the contrary, a variery
| of o:.her circuits such as b‘pclar analog circuits, MCS anzalog circuits,
25 -' P-channel MOS log:c, _l\--channel MOS logic, _CMOS lo'gic.' I?'L circuits T
| _and ECL c1rcuits can be arranged on the semiconductor chip as may |

be needed to incornorate the principles of the present invention.



- 41 - Attention is drawn to our Application Nos. 87. 14910 (Seri al
No. 2, and 87. 14911 (Serial No. 2, ) which have been
di vi ded out ‘of the present 5 Appl i cati on. - 42- CLAIMS. 1. :
seni conductor integrated circuit including: (a) a plurality of menory
cells; (b) an address circuit for selecting a specified nenory cell frfom
anong said plurality of nenory cells; (c) a signal cirduit?
coupled to said nenory cells and |nclud|ng #bans for respectively read\ng
and witing information fromand into said nenory cells; and (d) a tim
circuit coupled to said signal circuit for controlling operations. of
readi ng and writing 10 i nf drinedntoinn wherdrawmneo odut hepplicatien sel ected
fromthe address circuit, the timng circuit, and the signal circuit,

i ncludes a princiNss. foh+ if4Ptdnst r uctSeir bl NGV, circuit, and a bi pol ar

transi stor, which executes lﬁ,at | east one of the functions of charge and
di schar ge and 87. (Serial No. 2, _ ) :

-/ _ which have been divided out of the present

5 Application.

g



. of ‘a signal output line of the'éelected circuit. 2. A sem conduct or
integrated circuit according to claim1, wherein the address circuit,

includes a principal portion constructed of. a CMOS circuit, and af 20

bi pol ar output transistor, which executes at.|east one of the

Fans of charge and di scharge of a signal output line of at |east one

said address circuit. 3. .- 42 - A semiconductor integrated
cording 25 .to claiml, wherein the timng circuit includes a

#C) pa)/ portion constructed of a CMOS circuit, and at -43- | east one

bipo¥ar/out pupimMeansi st or, which executes at |east one of the functions of
~charge and di scharge of - a signal output line of at least one circuit in

said timnglcircuit. A sémiconductArsemtegréiedrcinttadgr dned udimgs t B

according to claim1, wherein the signal “circuit includes a data out put

buffer for obtaining 4da)i af plpralétyootfpmemsirgnalellsai d data out put buffer

i ncluding a principal portion constructed ofa CMOS ¢ircui't, and afflurality;

of bipolar 10 transi sf&dsannafdresgecdreudt IfogssedRetdng ife smARt

5 oy

- charge and di scharge_of gate capacitances of N channel and P-channel out put
M SFETs of Bgmar¥afgldufper pwePpgrsasd pluralikysof aemepsst &elilftiegr at ed
circuitsaccording to ?E§ig11" mh?reLn t he si nal circuit, includes a data

10

15

20

25

‘signal circuit coupled to said memory

cells and inclUding-means for respectively'reading and

writing information from and into said memory cells; and :
| .(d) a timing circuit coupled to said signal ~

'ci:cuit.for controlling operations df reading and writing

information; | | |

whérein one of -the éircﬁits, selected from the fﬁ%’

address circuit, the timing circuit, and the'sighél

circuit, includes a principal portion constfucted.of a

CMOS circuit, and a bipolar transistor, which executes

at least one of the functions of charge and discharge

of a signal output line of the selected circuit.

2. A semiconductor integrated circuit according -/
to claim 1, wherein the address circuit includes a

principal portion constructed of a CMOS circuit, énd at

least one bipolar output transistor, which executes at

least one.of the functions of charge and discharge of

a signal output line_of at least one circuit in said

address circuit.

3. -Alsemiconductor integraied circuit according

to claim 1, wherein the timing ¢ircuit includes a

principal portion constructed of a CMOS circuit, and at

| SRR R




15 input anplifier whi-ch supplies conpl-ementary S|gnals to a common data
line pair, said data input anplifier including a principal portion
constructed of a CMOS circuit and at |east one bipolar transistor;, whig
executes, at | east ope of the functions of charge and 20 di scharge of g
congbn data [ine pair. 6. A sem conductor integrated circuit
according to claim2, wherein said addregs includes an address buffer-
whi ch addr ess S|gnals are applied, and wherein said blpolar out put

transi stor conpr, ses o] ar out ut 25 tranSJstor of s | d address ffer
whi ch executes a]teqsgas‘tn%ﬁel%‘?lqlﬁe YRRt i UrRNY S E‘Pﬁf g‘@ ﬁt‘%ﬁﬂﬁ?ﬁe g

signal output line f sai d

buf f
sem conduct ?)r nlt oe(Ha c?fdﬂ{?es‘ic : er% ?"b %’F%’f?ﬁ f“%%t%?ﬂa§atd°5d8ress
f:ngleflPﬁeuggﬁ%%v{cefﬂﬁﬁﬂg%dl ereln a urat$$g g gﬁhggg Of nord

bi.pol ar transi stqns Y &FQyided to execute at Ieast one of the functlons
of charge and disc arge of said word |ines. 8. A sem conduct or
i nt egrated cigcuyt accordiftdmi &bmduetor Vth%é‘c_'gf’a@é’d deit&h e §EE6HBINg
i ncludes an 10 internal control signal generator circuit which is supplied
wWith a chip sel e@ Sliinell Achéradn tehensida5i @ivduit heiebyaée geagtate an
internal del ayed chip

output buffer for obtaining an information output signal,

said data output buffer 1nclud1ng a principal portion
o/ - constructed ofa CMOS circuit, and a plurality of bipoiar'
10 transistors,_which exeeute at least one of the functions
of charge and discharge of gate capacitances of N-channel
and P—cﬁannel output MISFETS of_said data output buffer.
5. A semiconductorwintegrated circuit according
te claim 1, wherein the.signal circuit includes a data
15 input amplifier which supplies complementary signals to
a common data line pair, said data input amplifier
including a principal portion constructed of a.CMOS.
circuit and at least one bipolar transistor, which
executes at least one of the functions of charge and
20 discharge of said common data line-pair;.
| 6. _ - A semiconductor integrated circuit according
to claim 2, wherein said address includes an address
- _buffer to which address sighale are applied, and wherein
said bipolar 6utput transistor comprises a bipolar output
25 transistor of said address buffer which executes at
least one of the functions of charge and discharge of

a signal output line of said address buffer.

‘TR O R R



sel.ect signal and a wite control signal. 9. A sem conduct or
‘integrated circuit according 15 to claim4, wherein both said out put,
ETs-are con- trolled into a sinultaneous "of f" state by a data-out put
control signal. 10. A sem conductor integrated circuit

ihg to claim5, wherein input data is transmtted to an input 20 .

| of said data input anplifier thyqugh a data input buffer which is
cted of said CMOS circuit. 11. - A semiconductor integrated

| ustrared.in theAasemmbaﬁduﬁgodrawmag&ated circuit accordlng
to claim 2, wherein sa1d address c;rcult ;ncludes arow
&ecoder whiCh exeéutes dhérge and discharge of word lines
of the memory cells, and wherein a plurality of said o/
5 output-bipolér transistors are provided tolexecute at
leést oné-of the funcfions of charge and aischarge of
said word lines. - |
8. A semigondﬁctdr,integrated éircdit according
to claim 3, wherein said timing circuitlincludes:an ~
- 10 internal control'signal'generatof circuit which is
supplied:with a chip select signal and a write enable
signal, thereby to generate an internal delayed chip
‘select signal and a write confrdi-éignal.
9. -~ A semiconductor integrated circuit.aécording
15 to claim 4, wherein both.said output MISFETs are”éon-
| trolled into a simultaneous "off" state'by a data
output buffer control signal.
'10. A semiconductor integfated circuit according /
to claim 5, wheréiniiﬁputudata is tranSmitted-to'an input
20 terminal of said data input amplifier through a data
input buffer which is constructed of said CMOS circuit.
1. A semiconductor integfated_cifcuit constructed
substantially-as'heréin described with reference to

- and as illustrated in the'accompanying drawings.
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